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Reconstruction of Late Holocene Precipitation for Central Florida as  
Derived from Isotopes in Speleothem 
Limaris R. Soto 
ABSTRACT 
 
 Little is known about the paleo-precipitation of the Florida Peninsula. In order to 
better understand Florida’s late Holocene climate variability (last 4,200 years), the 
isotopic composition was analyzed of four speleothems from two caves, in west-central 
Florida. Two speleothems were collected from BRC Cave in Hernando County, and two 
others from Briar Cave in Marion County. This study represents the first         
speleothem-based paleoclimate records for Florida. 
 Uranium-series disequilibrium analyses were determined by using thermal 
ionization mass spectrometry (TIMS) to provide accurate determination of chronology of 
the deposition of the speleothems. Stable isotopic analyses of oxygen and carbon were 
performed using stable isotope mass spectrometry, which provided information regarding 
changing amounts of precipitation (increase in precipitation, decrease in the δ18Oc) and 
types of vegetation above the cave (increased forest density, decrease in the δ13Cc). 
 Variations in the speleothems δ18O composition reveal abrupt changes in 
precipitation amount, fluctuations that appear both regional and hemispheric in nature. 
Strong similarities between the speleothem δ18O, Lake Tulane δD record (Cross et al. 
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2003; 2004) and the SE US tree-ring record (surrogate for spring precipitation - Stahle 
and Cleaveland 1992) suggests a regional atmospheric influence on Florida’s 
precipitation. The major causes of changes in precipitation are proposed to be Atlantic 
Multi-decadal Oscillation (AMO), El Niño and changes in the relative positions of the 
Intertropical Convergence Zone (ITCZ)-North Atlantic High (NAH). Comparison 
between the δ18Oc and surrogates of these influences, show all three have some effect. 
AMO and El Niño have short-term (decadal) influence and ITCZ-NAH has a long term 
(centennial) influence. The contributions of these climatic effects have implications for 
teleconnections involving Florida’s climate; the AMO correlation shows higher latitude 
influence, while El Niño and the ITCZ show tropical influence on subtropical Florida.
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1. Introduction 
 
Limestone caves provide a stable environment for the deposition of calcite or 
aragonite formations, such as stalagmites, stalactites and flowstone (generically termed 
speleothems) (White 2004). Through uranium-series disequilibrium dating and variations 
in the stable isotopes in calcite, speleothems can provide high-resolution records of the 
paleoclimate and paleo-vegetation changes above the cave that can be correlated with 
other paleoclimate records (Schwarcz 1986; Dorale et al. 1992; Harmon et al. 2004). 
Changes in the oxygen and carbon isotopic composition of speleothems have been 
studied for many years, providing considerable amount of confidence in speleothems as 
paleoclimatic records (Dorale et al. 2002). 
 
 
1.1. Purpose of Research 
The purpose of this study is to develop and improve the understanding of the 
paleoclimate of Florida, with emphasis on whether speleothems can record hydrologic 
responses to changing atmospheric circulation patterns that affect the Florida Peninsula. 
Changes in precipitation over the last 4,200 years, which encompass two abrupt 
contrasting climate intervals, the Medieval Warm Period (MWP), from 1000 to 1300 AD, 
and the Little Ice Age (LIA), from 1400 to 1850 AD, can be attributed to changes in 
atmospheric circulation patterns.  Variations in the oscillation of the North Atlantic High 
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(NAH) (also known as the Bermuda High) as determined by the relative position 
of the Intertropical Convergence Zone (ITCZ), the Atlantic Multi-decadal Oscillation 
(AMO), or variable intensity of El Niño Southern Oscillation (ENSO), with respect to 
Florida. The LIA is best known globally for its cold temperatures in Europe and North 
America (Grove 1998; O’Brien et al. 1995; Hodell et al. 2005). The MWP was 
characterized by a global increase in the mean annual temperature compared to modern 
temperatures, and has been shown in paleoclimate records as diverse as the Caribbean 
Sea (Haug et al. 2001) and Greenland (Bradley et al. 2003). 
 While paleoclimates have been reconstructed using speleothems from some 
regions in North America, none have been studied from Florida, whose climate history 
has been constructed almost exclusively from lake records (Cross et al. 2004;           
Poore et al. 2003). This study presents stable isotope records, from four Holocene 
stalagmites collected from two caves in Florida, a cave in the Brooksville Ridge 
(hereafter referred to as BRC Cave) and Briar Cave. The use of speleothems allows us to 
create a chronologically accurate, high-resolution paleoclimatic record to test the findings 
of the few local lake records, such as Lake Tulane in Avon Park, Florida                  
(Cross et al. 2004). This record will add new information to the existing base of 
knowledge regarding the paleoclimate of the Florida Peninsula during the late Holocene 
(last 4,200 years).  
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2. Literature Review 
 
2.1. Paleoclimates derived from Speleothems 
Caves are naturally occurring underground voids commonly formed by  the 
dissolution of carbonate  bedrock  (e.g. White 1988; Ford and Williams 1989) . The 
formation of caves and the dissolution of limestone is very dependent  upon water that 
infiltrates into the ground  and reacts with carbon dioxide from the soil and plants to form 
a weak carbonic acid.  
Caves are useful for the study of paleoclimate because they have stable internal 
climatic conditions, where the cave temperature exhibits little variation during the year, 
with its thermostat set at mean annual surface temperature. Speleothems found in caves 
have variable stable isotope ratios, which provide information on past temperatures, 
precipitation and vegetation. Caves are protected from destruction by surface processes, 
and by using U-series analysis precise dating of speleothems can be obtained. This dating 
technique combined with speleothem-derived high-resolution variations in the ratios of 
18O/16O and 13C/12C allow the interpretation of surface environmental changes over 
hundreds of thousands of years. Surface temperatures can be reconstructed using oxygen 
isotopes from the calcite and fluid inclusions trapped within the crystals               
(Harmon et al. 2004). Oxygen isotopes can provide indirect measures of the amount of 
precipitation falling over the cave (Lachniet et al. 2004). The carbon isotope record in
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speleothems is a function of the vegetation density, the types of plants growing above the 
cave, (Dorale et al. 1992; van Beynen et al. 2004) and biological activity in overlying 
soils (White 2004). 
Speleothems are formed as part of the meteoric water cycle. Variations in their 
composition, and growth rate reflect environmental changes above the cave (Lauritzen 
and Lundberg 1999a). Speleothems consist of calcium carbonate (CaCO3) precipitated 
from cave drip waters that are supersaturated with respect to calcite or aragonite. 
Supersaturation is achieved by the degassing of carbon dioxide from drip waters, which 
enter the cave through fractures. Degassing occurs because the water was previously 
equilibrated with CO2 at high partial pressure in the soil percolation zone and degasses 
upon emergence into the lower PCO2 of the cave gallery (e.g. Lauritzen and Lundberg 
1999a). After degassing, precipitation of calcium carbonate occurs, forming the 
speleothem.  Speleothems forming under conditions of high humidity ~100% and gradual 
degassing of CO2, are commonly found to be in oxygen isotopic equilibrium with the drip 
water from which they grow (Hendy 1971; Frumkin et al. 1994). In coastal areas, the 
δ18O of precipitation has a order of magnitude greater effect on the δ18Oc compared to 
the temperature dependence of the 18O fractionation between cave seepage water and 
speleothem calcite, and the changing composition of the δ18O of sea water           
(Harmon et al. 2004). 
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In addition to stable isotopes speleothems contain other components that can 
serve as other climate proxies, e.g. pollen (Bastin 1978; Lauritzen et al.1990; Burney et 
al. 1994., Linge et al. 2001), organic matter (van Beynen et al. 2000), trace elements 
(Gayscone 1983; Goede and Vogel 1992; Roberts et al. 1998; Linge et al. 2001) and 
annual growth laminae (Baker et al. 1993; Shopov et al. 1994; Genty and Quinif 1996; 
Lauritzen and Onac 1999). 
During the past four decades, most paleoclimatological studies have concentrated 
either on the marine sediments or ice cores. Recent efforts in reconstructing climate 
change from continental records have developed new interest in speleothems as climatic 
surrogates (e.g., Hendy 1971; Schwarcz 1986; Gayscone 1992; Bar-Matthews et al. 2000; 
Kolodny et al. 2003). The increased interest in speleothems has come from: 1) different 
isotopes of hydrologic and climatic processes incorporated into the calcite of the 
speleothem; 2) the advances made into understanding the paleoclimatic meaning of these 
isotopes combined with advances in thermal ionization mass spectrometry (Musgrove et 
al. 2001; Mickler et al. 2004) and 3) the extensive geographic presence of speleothems in 
different latitudes, which can be a limiting factor for other proxy records (Mickler et al. 
2004).  
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Vaks et al. (2003) used U-series dating and stable isotopes to reveal changes in 
the isotopic composition of the speleothem, which suggested changes in the nature of rain 
shadow aridity during glacial and interglacial intervals. In China, changes in the Asian 
monsoon were recorded in the δ18O isotopic signal of a stalagmite (Zhang et al. 2004), 
with changes in the Asian monsoon during the Holocene causing periods of warmer and 
then cooler conditions for the area. Fleitmann et al. (2003) used a stalagmite from 
southern Oman, and found that the δ18O isotopic signal was recording changes in the 
amount of monsoon precipitation. 
 
 
 
2.2. Oxygen Isotopes 
As calcite is being deposited in the cave to form a speleothem, a temperature-
dependent fractionation occurs (Kim and O’Neil 1997), and the stalagmite δ18Ο reflects a 
combination of δ18Ο composition of seepage water and precipitation (Gayscone 1992; 
Lauritzen and Lundberg 1999). When deposited under conditions of isotopic equilibrium, 
variations in the δ18Ο values from speleothems can incorporate all the information for 
paleoclimate reconstruction as complex as any other archive of meteoric water 
δ18Ο variations, such as ice cores (Dorale et al. 2002). 
In Florida, the isotopic composition of the precipitation falling above the cave is 
affected by different effects. The continental effect occurs when low pressure systems 
move across continents and preferential loss of 18O occurs, producing isotopically 
depleted precipitation (Craig 1961). The ocean temperature effect represents the 
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fractionation between liquid and vapor phase at the source of the atmospheric moisture 
(Dorale et al. 2002), changes in ocean temperature during different season’s cause 
changes in the isotopic composition of the water evaporated from the ocean (Ingraham 
1998). Ocean temperature plays a major role in the Florida Peninsula, because of the 
location with respect to the Gulf of Mexico and the Atlantic Ocean. The amount effect  
represents the relation between precipitation δ18O values and some climatic parameters 
such as temperature and the intensity of rainfall (Dansgaard 1964). The intensity of 
rainfall is dependent by the size of the storms, and larger thunderstorms, common in 
Floridian summers, produce a more depleted precipitation than smaller storms 
(Gremillion and Wanielista 2000). The storm track effect variations in storm tracks are 
due to changes in atmospheric circulation. The isotopic signal of precipitation can change 
if there is a variation of around 10° north or south from the location of the storm 
(Dansgaard 1964). In different parts of the globe this effect will be controlled by 
monsoons, in Florida changes in atmospheric circulation, like the North Atlantic High 
will affect the isotopic composition of the rain. 
  The isotopic composition of the water as it infiltrates in the cave is also going to 
be affected by different effects The evaporation effect  which can be caused by              
(a) water pooling at the surface, leads to fractionation of the residual water,                   
(b) by the evaporation of water flowing into the cave with low relative humidity     
(below ~ 90%), or (c) by rapid air movement (Wigley and Brown 1976). The mixing 
effect  represents the combination of different waters, which leads to the removal of the 
seasonal isotopic signal of the water (Yonge et al. 1985). The recharge effect  represents 
the restriction of recharge to particular seasons, (Jones et al. 2000). The cave temperature 
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effect, represents the isotopic fractionation between water and calcite during calcite 
deposition (Lauritzen and Lundberg 1999a), the temperature dependence of the 
fractionation has been determined as ~ 0.24 ‰/°C (Friedman and O’Neil 1977; Schwarcz 
1986; van Beynen et al. 2004). 
 
 
2.3. Carbon Isotopes  
Carbon has two naturally-occurring isotopes, 12C and 13C. The carbon isotopic 
signal in speleothem calcite initiates from the 13C/12C ratio of dissolved inorganic carbon 
(DIC) in the drip water (Dorale et al. 1998; Harmon et al. 2004). The dissolved carbon 
species in cave waters are derived from soil CO2 and cave carbonate bedrock (Turi 1986; 
Dorale et al. 1992). The isotopic composition of the δ13C values is affected by different 
factors, the dissolution of carbonate bedrock, the CO2 created by plant respiration and the 
decomposition of the organic matter in the soil (Hendy 1971; Denniston et al. 2000). In 
temperate climates, soil CO2  is produced largely by the decomposition of organic matter 
and by plant root respiration (soil respiration), and the δ13C composition of soil CO2 is 
related to the type of vegetation growing above the cave at the time the calcite in the 
speleothem was deposited. Soil seepage waters obtain their initial δ13C signatures from 
soil CO2 and are modified when carbonate bedrock is dissolved as the water infiltrates to 
the caves. Changes in the δ13C composition of cave seepage waters are controlled by 
changes in the δ13C composition of soil CO2 (Dorale et al. 1992). For example, if there is 
herbaceous vegetation above the cave, this might give an indication of dry conditions.  
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The δ13C composition is interpreted as reflecting changes in the composition of C3 
and C4 plants on the surface and above the cave. Differences in the δ13C values of 
speleothems results from varying contributions of carbon originally derived from plants 
utilizing the C3 and C4 photosynthetic pathways (Dorale et al. 1992, 2002). There is a 
bimodal distribution in the δ13C values of terrestrial plants resulting from differences in 
the photosynthetic reaction utilized by the plant. Most terrestrial plants are C3 plants and 
have δ13C values ranging from -24 to -34‰. C4 plants composed of aquatic plants, desert 
plants, salt marsh plants and tropical grasses, have δ13C values ranging from -6 to -19‰ 
(Deines 1980). A higher proportion of C4 plants is interpreted as drier environmental 
conditions with an abundance of grasses. C3 plants are interpreted as forest vegetation, 
mostly trees, shrubs and forbs with plants that are better adapted to moister environments. 
Changes in the C3 and C4 pathways is an important factor in understanding paleoclimate, 
because it provides evidence for the precipitation in the region that controls the type of 
vegetation above the cave.  
Evidence for changes in the stalagmite δ13C comes from a study by  Dorale et al. 
(1998) that showed changes in the vegetation above the cave. The δ13C record provided 
evidence of  changes from forest to savannah to prairie and back to forest. The 
speleothem grew from 75 to 25 ka, maximum temperatures were recorded around 59 to 
55 ka, dominated by prairie vegetation as recorded by the δ13C values. A study by          
van Beynen et al. (2004) using a stalagmite from New York, provided evidence that the 
δ13C recorded changes in the density of the forest. The δ13C record showed that forests 
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(C3 vegetation) have been the predominant vegetation above the cave, although other 
changes in vegetation were recorded by the speleothem.  
The δ13C values of stalagmites reflect the variable sources of carbon, mainly from 
the soil CO2 derived from vegetation. The fractionation process from dissolved CO2 in 
the soil to aqueous CO2 to HCO3-1 to CO3-2 to solid CaCO3, results in calcite that is 
enriched in 13C by about 10‰ relative to CO2, under equilibrium conditions (Hendy 
1971, Dorale et al. 2002). 
Temperature change has a relatively small effect on fractionation between the 
bicarbonate and calcite, in places where soil biogenic activity is the dominant control in 
the speleothems 13C calcite record (Deines et al. 1974). Change in temperature causes  
fractionation in the carbon isotopes during the deposition of calcite from its ambient 
waters. A 1°C in temperature during calcite precipitation causes a shift in the δ13C of 
0.125‰ (Faure 1986): such a shift does not contribute greatly to the carbon isotopic 
signal of our speleothem.  
 
 
2.4. Isotopic Equilibrium 
In order to determine the appropriateness of using stable isotopic records for 
paleo-hydrological – paleoclimate reconstructions, the isotopic equilibrium of calcite 
precipitation with ambient waters must be ensured, which usually requires slow CO2 
degassing during calcite precipitation (Labonne et al. 2002). Fluctuations in δ18O along 
the growth axis of a speleothem reflect a combination of two factors: the temperature-
dependent calcite-water fractionation and temporal change in the 18O/16O ratio of the cave 
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seepage water, which is a complicated and variable function of the history of seepage 
water from its seawater source through its transit within the meteoric water cycle to a 
cave (Harmon et al. 2004). Stable isotope variations provide temporal records possessing 
the potential to yield very important and perhaps unique information about past terrestrial 
climate. Though significant problems may be associated with the interpretation of change 
in the 18O/16O and 13C/12C ratios of the cave-deposited calcite (Harmon et al. 2004). For 
example, in South Dakota, Serefiddin et al. (2004) used differences in the δ18O isotopic 
signal of speleothems from the same cave to show that drip sites in a cave may respond 
differently to climate change. 
To test whether the speleothem calcite was deposited in isotopic equilibrium with 
ambient waters, Hendy (1971) proposed that a series of samples from the same growth 
layer were analyzed, from the center of the speleothems towards the sides (Dorale et al. 
2002). If the speleothem is deposited under equilibrium conditions, the Hendy criteria 
required no correlation between the δ18Ο and δ13C of samples collected along the same 
growth layer, and that δ18Ο does not change more than 0.8‰ along the growth layer 
(Hendy and Wilson 1968; Gayscone 1992; van Beynen et al. 2004). If kinetic 
fractionation occurred during precipitation, δ18Ο and δ13C will be correlated and the 
isotopic signal corrupted (Lauritzen and Onac 1999). The problem that arises from testing 
the Hendy criteria comes from the changes in morphology of the stalagmite. The “growth 
layer” is usually thickest along the top of the stalagmite, but it decreases and becomes 
thinner along the sides. When sampling calcite for this test, cross contamination between 
growth layers can occur, and a negative result of a Hendy Test does not always indicate 
kinetic fractionation or evaporation (Lauritzen and Lundberg, 1999a; Dorale et al. 2002).  
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2.5. Dating Techniques  
 Initial attempts to obtain chronological information from speleothems using 
uranium-series disequilibrium were first applied by (Rosholt and Antal 1962; Cherdyntse 
et al. 1965; Richards and Dorale 2003). The precision of U-series dating has improved 
greatly over the last few decades, and its application is increasing.   
 Thompson et al. (1974) set forth the following criteria to accurately obtain U-
series dates from speleothems: (1) The sample must contain sufficient uranium; (2) there 
must be negligible amounts of detrital 230Th present in the sample; and (3) the sample 
must not have undergone dissolution and recrystallization (i.e. formed in a closed system) 
(White 2004). Adjustments using isochrones can be made for a sample with high amounts 
of detrital 230Th in bulk carbonate material (Richards and Dorale 2003). Many studies 
have demonstrated that the speleothems provide reliable chronologies using the U-series 
method (Frumkin et al. 1999; Frumkin and Stein 2004). Uranium possesses two isotopes, 
235U and 238U, which decay to isotopes of Pb through a number of intermediate, 
radioactive isotopes, some of whose half-lives are of geological magnitude (103 – 105 
yrs). Therefore, some geological deposits can be dated by measuring the degree to which 
intermediate isotopes have reached radioactive equilibrium with their parents (Schwarz 
1986). 
 Carbon-14 is also used in speleothem dating, but is not as accurate as the U/Th. 
Dating by the natural decay of 14C is a well-established technique for carbon-bearing 
materials with ages less than 50,000 years. The CO2 extracted from the soil by infiltrating 
groundwater is derived from the atmosphere and from biological processes in the soil so 
it should be composed mainly of young carbon. The carbon derived from the limestone is 
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old carbon, with no residual 14C. In the absence of any isotope exchange, the carbon that 
is deposited in speleothems should be 50% old carbon and 50% young carbon (White 
2004). In reality there is extensive isotope exchange during the complex process of 
dissolution, transport and re-deposition. It appears that speleothems contain about 85% 
young carbon (Hennig et al. 1983; White 2004), making the use of this dating method 
highly problematic. U-series dating has advantages over 14C-dating because it yields 
calendar years, spans over a longer time period (600,000 years) and is unaffected by the 
dead carbon problems associated with 14C dating. 
 
 
2.6. Calcite Deposition Rates 
 
Calcite deposition rates, also known as “growth rates” of speleothems, can 
provide information about paleoclimatic variations, including precipitation, temperature, 
and soil activity above a cave (Kaufmann and Dreybrodt 2004; White 2004). The rate of 
speleothem deposition is determined by soil carbon dioxide concentration, drip rate, and 
temperature, all of which are climate related and can affect the rate and shape of growth   
(Dreybrodt 1999). Hiatuses in a speleothem can indicate periods of climate change that 
include glacial periods, droughts, and changes in the hydrologic pattern of water flow, 
and can be used as paleoclimatic indicators. Faster growth rates can be indicative of a 
warmer, wetter climate in the area, while slower growth rates can result from cooler, drier 
conditions above the cave (Hennig et al. 1983; van Beynen et al. 2004).  
The recognition and definition of annual deposition layers in thin sections can be 
difficult, particularly for speleothems that consist of a small number of microscopic 
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single crystals of calcium carbonate, or high contents of organic matter (Harmon et al. 
2004). Deposition layers in speleothems can pinch, swell and merge, making stratigraphic 
correlation difficult (Harmon et al. 2004). Even the smallest deviation from the growth 
layer can produce inaccurate results. 
The deposition rate mechanisms of stalagmites have been studied for over 30 
years. Early investigations include the work by Franke (1965), who demonstrated how 
stalagmite shapes vary due to the deposition process, assuming that increased drip rate 
leads to an increase in speleothem diameter. Curl (1973) presented a theory to explain the 
existence of minimum-diameter stalagmites, showing that they have two growth regimes, 
a rapid regime which is dependent on the flow rate and a slow regime independent of the 
flow rate.   
Wolfgang Dreybrodt has undertaken a number of studies (Buhmann and 
Dreybrodt 1985; Dreybrodt and Buhmann 1991; Dreybrodt et al. 1996; Dreybrodt et 
al.1997, Dreybrodt 1999) where he and others presented the physical and chemical 
processes for calcite precipitation, and derived a mathematical model describing 
stalagmite growth (Kaufmann and Dreybrodt 2004). Buhmann and Dreybrodt (1985) 
were able to create a theoretical model for predicting calcite precipitation to estimate the 
rate of growth from laminar or turbulent-flowing water, covering the surface of the 
speleothem (Dreybrodt 1999). Their model takes into account three processes occurring 
during calcite deposition, the chemical reaction at the calcite-solution interface, the 
diffusional transport of species through the solution to the surface of the solid, and the 
last is the slow conversion of carbon dioxide into protons and carbonate ions (Baker and 
Smart 1995).  
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Experimental investigations have shown that these theoretical models provide 
precipitation rates that are generally reliable, and can be used for interpreting 
paleoclimatic records (Dreybrodt et al. 1996, Liu and Dreybrodt 1996; Dreybrdot 1999). 
Baker et al. (1998) measured the annual laminae thickness of stalagmites that had 
previously been dated by U-series TIMS and compared the annual deposition rates to 
theoretically predicted calcite precipitation rates. Even though their results showed an 
agreement between the measured and theoretical values, complications arise because of 
calcite porosity and the cessation of water feeding the stalagmite. With recent 
improvement of U-series mass spectrometry, dating can be obtained with smaller 
amounts of calcite, leading to more accurate calculations of mean deposition rate along 
speleothem growth axes (Dorale et al. 1998; Linge et al. 2001; Serefiddin et al. 2004).  
 
 
2.7. Florida Paleoclimate 
Previous paleoclimate research in Florida has included the use of lake sediments. 
These lake deposits reveal that most of Florida’s shallow modern lakes were dry during 
the early Holocene, due to a lower water table (Watts and Stuiver 1980; Filley et al. 
2001).  Mud Lake in Florida is one of the sinkhole lakes studied in the area. δ13C values 
from this lake, recorded changes in the water table and precipitation during the Holocene, 
with increased lake levels at 8.5 – 5.0 ka 14C yr BP and again at 2.5 ka 14C BP (Filley et 
al. 2001).  
Liu and Fearn (2000) studied sediment cores from Western Lake, Florida, and 
provided a 70,000-year record of coastal environmental changes and catastrophic 
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hurricane landfalls along Florida’s Panhandle. During 5-3.4 ka 14C yr BP, dry conditions 
were observed, while wetter conditions were found during a “hyperactive” period from 
3.4 to 1.0 ka 14C yr BP. The climatic events were probably controlled by shifts in the 
position of the Jet Stream and the North Atlantic High (Liu and Fearn 2000). 
Little Salt Spring, another sinkhole lake located in west central Florida (Alvarez 
et al. 2005) yielded δ18O and δ13C records over the last  ~12.0 ka, which the authors 
suggest models the paleo-hydrological record of the area. The data showed abrupt 
changes during the Late Holocene (2.7 and 2.0 ka BP) characterized by low δ18O values, 
followed by an increase in the δ18O values at around 1.1 ka and 900 years BP. These low 
values were interpreted as indicators of dry climatic conditions, while the more-enriched 
isotopic values were interpreted as wetter conditions, characterized by a sea-level 
highstand (Alvarez et al. 2005). 
Lake Tulane is the most investigated lake in Florida for the reconstruction of 
paleoclimate (Grimm et al. 1993; Watts and Hansen 1994; Cross et al. 2004). Pollen 
extracted from the lake sediments indicate major vegetation shifts during the last glacial 
cycle which correlated with changes in ice-rafted lithic sediments (Heinrich events) 
found in marine sediment cores from the North Atlantic. The rapid vegetation shifts in 
Florida correlate with melt water discharges from the Great Lakes Region to the Gulf of 
Mexico via the Mississippi River (Grimm et al. 1993). Lake Tulane has also been studied 
by Cross and others (2004), their sedimentary record represents the last 80,000-years. 
Their investigation suggested that the changes in the deuterium/hydrogen (D/H) isotopic 
composition of algal and terrestrial organic material is directly linked to the hydrologic 
cycle, and its variability at the bulk and molecular levels has the potential to be used as a 
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proxy for paleoclimatic and paleohydrologic reconstructions. Greater δD values appear to 
be caused by a decrease in the relative humidity of the atmosphere.  
 
 
2.8. Theoretical Interpretation of Stable Isotopes from Florida Speleothems 
 Before being able to interpret the paleoclimate meaning of the stable isotopes 
from a speleothem, the main influence generating that signal has to be determined. The 
two dominant factors are precipitation and temperature. Speleothem records from regions 
that have a predominance of thunderstorms-derived precipitation all suggest that 
precipitation is the dominant factor influencing δ18Oc (Fleitmann et al. 2003, Holmgren 
et al. 1999; Lachniet et al. 2002). Figure 1 shows the relationship between the oxygen 
isotopic composition and its amount. During warmer conditions an increase in 
thunderstorms will produce higher precipitation for the area. Larger storms have stronger 
convection, therefore creating precipitation at higher altitudes. Consequently, the 
resultant precipitation will be isotopically depleted which is directly related to 
precipitation amount. During cooler conditions, precipitation will decrease in the area and 
thunderstorms will form at lower altitudes. Consequently, the resultant precipitation will 
be isotopically enriched. 
Evidence of the relationship between isotopic composition and amount of rainfall 
has been shown by the study by Lachniet et al. (2004). They studied the effects of El 
Niño/Southern Oscillation (ENSO) for the Isthmus of Panama using speleothems. They 
observed in a calibration study a negative correlation between thunderstorm-derived 
precipitation amount and the rainfall’s δ18O composition, and used that result to state that 
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their δ18O variations in tropical speleothems was an indicator of precipitation amount. 
Their study provides an applicable interpretation of δ18O variations for sub-tropical areas 
like Florida, where thunderstorms provide most of the precipitation to the region.  
Changes in atmospheric circulation patterns relative to Florida will affect the 
amount of moist air flowing into the Peninsula and consequently the amount of 
precipitation. This warm moist air can be directed into Florida from the Equatorial Pacific 
(during El Niño events – Cane 2005), from the Atlantic (during warm Atlantic Multi-
decadal Oscillations – Stahle and Cleaveland 1992) and with migration of the 
Intertropical Convergence Zone (ITCZ – Haug et al. 2001).  Increases in warm moist air 
would increase convective processes in the atmosphere, leading to bigger thunderstorms 
and a higher condensation line in the thunderheads shown as in Figure 1 (Fleitmann et al. 
2003, Lachniet et al. 2002).  
  
 
Figure 1. Theoretical interpretation of stable isotopes from Florida speleothems, 
modified from van Beynen et al. (2004). 
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3. Study Area 
 
Florida is a highly karstified carbonate platform, characterized by the presence of 
sinkholes, caves, closed depressions and flooded conduits.  These features are well 
developed because fluctuations in sea level have alternately  flooded and exposed the 
carbonate platform, thereby allowing weathering and dissolution processes to occur.  
The study area consists of two caves, BRC Cave in Hernando County and Briar 
Cave in Marion County (Figure 1). The advantage of caves as repositories of paleo-
environmental information is the great stability of climatic conditions within the cave.  
Whereas the entrance regions of caves typically undergo climatic fluctuations due to day-
to-day meteorological fluctuations, the inner passages of most caves have air 
temperatures with little variations (Schwarcz 1986). BRC Cave and Briar Cave both have 
only one entrance, which create a very stable climatic condition for the cave, reducing 
evaporative fractionation. 
  
 
Figure 2. Research area including location of caves used for paleoclimatic 
reconstruction of west-central Florida. 
 
 
3.1. Geology of the west-central Florida 
The Brooksville Ridge section of the Ocala Arch contains sinkholes, dry karst 
valleys, and interfluvial hills (Reeder and Brinkmann 1998). There are few surface 
streams in the region, and drainage is typically through sinkholes and direct infiltration 
into the artesian Floridan Aquifer, which supplies considerable groundwater to south 
 21
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Georgia and Florida (Miller 1986). Surface elevations in the region range from six meters 
at the bottom of deep sinkholes to 45 meters at the top of the tallest residual limestone 
hills. 
Hydrologic and stratigraphic units of west-central Florida are shown in Figure 3 
(Tihansky and Knochenmus 2001). The geology in the region is dominated by a series of 
carbonate units that include Oligocene Suwannee Limestone, which ranges from a light-
gray to a yellowish-gray packstone and grainstone. The  Suwannee Limestone is 
unconformably overlain by the clay-rich Hawthorn Formation in some parts of the 
region, and it unconformably overlies Eocene Ocala Limestone in parts of the region as 
well (Yon and Hendry 1972; Florea et al. 2003).  Pleistocene marine quartz sands overlie 
the Suwannee Limestone in most of the region.  The unconformities that exist above and 
below the Suwannee Limestone represent erosion surfaces, probably formed during 
emergent periods before and after deposition (Vernon 1951; Randazzo and Jones 1997). 
Elevation of the Suwannee Limestone ranges from 80 ft below to 132 ft above sea level 
(Tihansky and Knochenmus 2001).  
The Ocala Limestone consists of white to light-gray to light-orange limestone 
with a diverse fossil assemblage the lithology of this formation ranges from variably 
chalky wackestone or packstone (Tihansky and Knochenmus 2001). The sediments of the 
Ocala Limestone form one of the most permeable zones within the Floridian aquifer 
system.  The extensive development of secondary porosity by dissolution has greatly 
enhanced the permeability, especially in those areas where the confining beds are 
breached or absent (Maddox et al. 1991). The Ocala Limestone is typically bounded by 
  
unconformities. Elevation of the formation range from land surface to 285 ft below sea 
level (Tihansky and Knochenmus 2001). 
 
Figure 3. Florida Hydrologic and Stratigraphic Framework (Modified from 
Knochenmus and Robinson, 1996), Source: Tihansky and Knochenmus 
(2001). Both caves in the study are contained within the Ocala Limestone. 
 
 
3.2. BRC Cave 
The BRC Cave is one of the longest dry caves in Florida, ~ 1 km in length with 
only one humanly-constructed entrance, which means the cave atmosphere lacks rapid 
airflow, thereby preventing evaporative fractionation. The entrance of the cave is located 
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in a very small approximately 70-year-old quarry, 9 meters in diameter and around 4 
meters deep (Figure 4 ). Essentially, the cave has one level interrupted by considerable 
breakdown (Florea pers. comm. 2004).  
BRC Cave is formed within the Ocala Limestone. The caves of the Brooksville 
Ridge are formed by structural and chemical processes. The vegetation above the cave is 
characterized as hardwood hammocks populated by oak, hickory and maples (Armstrong 
et al. 2003). Speleothems BRC03-02 and BRC03-03 were collected from two different 
sections in BRC Cave (Figure 4). 
Florida is characterized by its humid subtropical climate and high rainfall. 
Rainfall patterns are primarily driven by adjacent sea surface temperatures and 
atmospheric convection (Watts and Hansen 1994). The average temperature of the 
Brooksville Ridge area is 21.3 ºC, and the average annual precipitation is 1356 mm 
(South East Regional Climate Center). The maximum monthly mean temperature of 
27.6oC occurs in August, and the minimum monthly mean temperature of 13.6 oC occurs 
in January. The maximum monthly mean precipitation volume of 219 mm occurs in 
August, and the minimum monthly mean of 48.8 mm occurs in October. 
 
  
 
Figure 4. BRC Cave, showing location of samples and entrance to the cave. 
 
 
3.3. Briar Cave  
Briar Cave is located on the southern outskirts of Ocala. The cave underlies a low 
hill between two sinkholes. Briar Cave trends NE-SW and consists of a dry upper level 
and a partially flooded lower passage (Florea et al.  2003). The cave is approximately 1 
km long, making it one of the longest sub-aerial caves in the state of Florida, with only 
one entrance which reduces evaporative fractionation (Figure 5). Speleothem samples 
BRIARS04-01 and BRIARS04-02 were collected from the same area of the cave   
(Figure 5).  
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The cave is formed in the Ocala Limestone. Hawthorn Group sediments and 
younger undifferentiated deposits unconformably overlie the Ocala Limestone in the area 
(Florea et al.  2003). These sedimentary deposits are composed primarily of terrigenous 
quartz sand and clay with small amounts of limestone, phosphate, and organics (Scott 
1988). Locally, the Ocala Group is a fossiliferous, shallow marine limestone. It varies in 
thickness and dips toward the south and east in the Briar Cave area, reflecting its position 
on the flank of the Ocala uplift. 
The vegetation in the vicinity of the cave is characterized by hardwood species, 
such as oak.  The average temperature of Marion County is 22 °C, and the average total 
precipitation is 1330 mm per year (South East Regional Climate Center).  
  
 
Figure 5. Map of Briar Cave, showing location of samples and entrance to the cave. 
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4. Methods 
 
4.1. Speleothem Analysis 
Four speleothems, collected from the two caves in west-central Florida to provide 
a detailed record of late Holocene paleoclimate. Two speleothems were collected from 
BRC Cave, Hernando County. The collected speleothems are identified as BRC03-02 and 
BRC03-03 (Figure 6 ). Upon collection, each stalagmite was sawed vertically along its 
growth axes and polished to clarify the positioning of the laminae. To protect the 
speleothems from breaking, some of the samples were embedded in plaster-of -paris 
creating  a cast for the sample. Calcite samples (30-60 µg) were drilled using a dental 
drillbit in a Dremel tool at 1mm intervals along the apex of the laminae, up the growth 
axes.  
BRC03-02 is a stalagmite 21.5 cm in length. Eight samples were collected for U-
series dating, and 152 samples were collected for stable isotopes.  
BRC03-03 is 19.5 cm in length. Nine samples were collected for U-series dating, 
and 188 samples were collected for stable isotopic analysis.  
  
 
Figure 6. BRC Cave samples BRC03-02 and BRC03-03, with location of U-series 
dates. 
 
 
Two other samples were collected from Briar Cave, Marion County. The samples 
were identified as BRIARS04-01 and BRIARS04-02 (Figure 7). BRIAR04-01 is 15 cm 
in length. Seven samples were analyzed for U-series, and 140 samples for stable isotopes. 
BRIAR04-02 is 28 cm in length. Ten samples were collected for U-series and 277 
samples for stable isotopic analysis.  
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Figure 7. Briar Cave samples BRIARS04-01 and BRIARSC04-02, with location of 
U-series dates. 
 
 
4.2. U-series Dating 
Uranium-series disequilibrium dating can be performed on speleothems, provided 
that sufficient U is present (> 0.02 ppm) and that the system was initially free from non-
authigenic 230Th, as monitored with the 230Th/232Th index (Latham and Schwarcz 1992; 
Lauritzen and Onac 1999). Samples from the collected speleothems were analyzed on the 
 30
  
 31
thermal ionization mass spectrometer (TIMS), by Jason Polk at the Radiogenic 
Laboratory at the University of New Mexico under the supervision of Drs. Yemane 
Asmerom and Victor Polyak. For U-series analyses, 200 to 300 mg of calcite were 
collected at intervals along the growth axes of the speleothems. The U-series method 
chronology is a well-established technique in the laboratory at the University of New 
Mexico (e.g. Denniston et al. 1999; Polyak and Asmerom 2001). Stalagmite calcite 
powder (~200 mg) is dissolved in HNO3 and spiked with a mixture of 229Th-233U-236U.  
The use of a mixed spike eliminates propagation of weighing error unto the age 
uncertainties. U and Th are co-precipitated with pure FeOH3 and subsequently separated 
on anion exchange columns and purified further on a second column.  
U and Th are measured on a Micromass Sector 54 thermal ionization mass 
spectrometer with a high-abundance sensitivity filter (Lachniet et al. 2004). All isotopes 
of interest are measured on an ion-counting Daly multiplier with abundance sensitivity in 
the range of 20 ppb at one mass distance in the mass range of U and Th, requiring very 
little background correction even for samples with large 232Th content. Multiplier dark 
noise is about 0.12 counts per second. U isotopic standards, such as NBL-112, are 
measured during the measurements of samples. Typical analytical uncertainties are in the 
range of 0.2% for U isotope composition, with similar or somewhat lower precision for 
Th, depending on the age and size of the sample measured. 
Age uncertainties include uncertainties related to initial 230Th/232Th correction. 
For example, a 1000-yr-old sample with 0.5 ppm U and δ234U of 1000, should contain 
about 390x106 atoms of 230Th. Assuming a realistic ionization efficiency of 4x10-4 and 
that 65% of the ionized atoms are counted (allowing for counting 229Th, baselines and 
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counting housekeeping), the theoretical 2-σ counting statistics precision for this sample is 
about 0.2%. The realistic errors are higher. The contribution of the uncertainty in the 
initial 230Th/232Th depends on the U/Th ratio and the age of the sample. The significance 
of the unsupported 230Th (detrital 230Th) diminishes with age, but can be significant for 
young samples with low U/Th ratios.  In many studies the correction is done by 
subtracting an amount of 230Th that corresponds to the 230Th/232Th ratio of a component 
with bulk crust 232Th/238U value of ~ 3.8 and assuming the component was in secular 
equilibrium.  In this case the 230Th/232Th ratio, λ238/(λ230x3.8), is ~ 4.4x10-6. 
 
 
4.3. Stable Isotopes 
Calcite samples (60-100 µg) were drilled using a dental drillbit in a Dremel tool at     
1-mm intervals at the apex of laminae along the speleothem growth axes. Some of the 
speleothems were also sampled by using a computer-controlled drilling stage and drill 
mount. Upon collection, the samples were weighed (35-80 µg) using a Mettler Toledo 
Analytical Balance. The samples were then analyzed for their oxygen and carbon isotope 
using mass spectrometry in the College of Marine Science, Stable Isotopic facility at the 
University of South Florida, St Petersburg Campus. The stable isotopes 16O, 18O, 12C and 
13C are measured by reacting the calcite samples with anhydrous phosphoric acid at 70 
°C in individual reaction vessels of a Keil III carbonate-extraction system coupled to a 
ThermoFinnigan DeltaPlus XL mass spectrometer. Precision (±2σ) was monitored by 
daily analyses of the NBS-19 standard and was <0.1‰ for both oxygen and carbon. 
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Values are then reported in standard δ notation relative to Vienna Peedee Belemnite (V-
PDB). The VPDB was created to eliminate possible confusion in the reporting of isotopic 
abundances on non-corresponding scales, by the Commission on Atomic Weights and 
Isotopic Abundances at the 37th General Assembly at Lisbon, Portugal. They 
recommended that the  13C12C relative ratios of all substances be expressed relative to 
VPDB (Coplen 1994). These analyses provided data on changing precipitation amounts 
(δ18O) and shifts in vegetation composition above the cave (δ13C). 
 
 
4.4. Rate of Calcite Deposition 
The rate of calcite deposition of a speleothem is a function of super-saturation 
(PCO2) and drip rate (rainfall) (Baker et al. 1998). The thickness of annual growth bands 
in stalagmites is frequently used as surrogate for surface precipitation, because band 
thickness is controlled by the drip rate, which is controlled by the amount of rainfall 
above the cave (Baker et al. 1993; Genty and Quinif 1996; Holmgren et al. 1999; Qin et 
al. 1999). Stalagmite deposition rates are correlated to temperature and the amount of 
carbon dioxide available in the soil, while the amount of precipitation controls the 
stalagmite diameter (Kaufmann and Dreybrodt 2004).The determination of speleothem 
deposition rates has evolved to a high level of accuracy due to radiogenic dating methods, 
such as U-series TIMS mass spectrometry.  
Through the use of accurate U/Th dates spaced along speleothem growth axes, 
deposition rates can be calculated with high precision, providing evidence of hiatuses 
(Dreybrodt 1999).  
  
 Annual rates for the samples were previously calculated by dividing the portion of 
calcite (mm) by the number of years over which that portion was deposited as derived 
from Th/U age estimates (van Beynen et al. 2004). This applied method for measuring 
deposition rates did not take in account the changing shape and width of the speleothem. 
However, the shape of stalagmites can vary significantly during their depositional 
history, and their morphologic changes such as diameter width depend on both the drip 
rate and its degree of super-saturation (Dreybrodt 1999). The precipitation of calcite in 
the speleothem starts at the center, where the deposition rates is the highest, and as the 
water flows away from the center, the rate decreases with increasing distance (Dreybrodt 
1999). This change in drip rates and the spreading of the calcite will create a variety of 
speleothem shapes.  
For our study, a new method was applied to calculate deposition rates. Half of the 
speleothem was photocopied to produce a two-dimensional picture of the sample. 
Because the speleothems were already dated, each known age was marked on the 
photocopy. Using the exact location of dates on the speleothem, depositional layers 
between each date were drawn on the copy to mark the different visible layers within the 
speleothem (Figure 8). The drawn layers highlighted the amount of calcite deposited 
between each dated sample. To calculate the volume (mm3) of calcite deposited between 
the known dates, a frustum of a cone was used because this geometric shape best 
replicated the calcite deposited between the dates. The formula of the frustum of a cone 
is: 
)( 
3
1 22 RrRrhV ++= π ,               [1] 
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where r is the radius of the upper case, R is the radius of the lower case, and h is the 
height of the frustum.                          
For certain depositional events within a speleothem, a combination of the frustum and a 
right circular cylinder had to be used. The equation for the cylinder is:  
hrV 2π= ,                             [2] 
where h is the height of the cylinder and r is the radius of the top.  
To calculate the deposition rate (Calcite deposition) the volume of calcite was 
divided by the time between dated samples (mm3/year). The advantage of calculating 
deposition rates using this technique is that the volume of calcite between known dates 
accounts for changes in speleothem morphology that previous techniques did not.  
 
Figure 8. Simplified representation of frustum fitting. 
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5. Results 
 
5.1. Uranium-Series Disequilibrium Dating 
 The entire suite of TIMS U-series age estimates for all four speleothems used in 
this study are presented in Table 1 and Table 2. All ages are reported as years before 
present. An important finding is that all the listed Th/U ages are in correct stratigraphic 
order (Figure 9 and Figure 10). This result suggests that all the speleothems remained 
closed systems for their entire depositional histories and hence no uranium migration 
occurred within any speleothem. The high  230Th/232Th ratios (Table 1) are indicative of 
very little detrital Th being present in any of the samples. If 232Th is present in any 
significant level, the ratio will be lower than what is recorded in Table 1.  
Second-order polynomial regression provides depositional trends for each 
speleothem (Figure 9 and Figure 10). All speleothems display a similar trend, showing a 
favorable fit of the data to the regression line; the R2 values for the samples are all above 
0.96 (p = 0.001). Both figures demonstrate quite clearly how the calcite deposition rate 
changes over time. The deposition rates are not linear, having an increase towards the 
more recent rates. This is more likely due to the change in the morphology of the 
stalagmite. The initial deposition of the calcite of a stalagmite is spread over a small area 
due to the flat surface of rock /clay the calcite is being precipitated upon. As the 
stalagmite grows in its characteristic conical shape the calcite is deposited over a smaller 
diameter, and consequently the rate of growth increases. 
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Figure 9. BRC Cave U-series dating results, age vs. depth plot. 
 
  
 
Figure 10. Briar Cave U-series dating results, age vs. depth plot. 
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5.2. Calcite Deposition Rates 
 
Uranium-series ages for all the speleothems are presented in Table 1 and Table 2.  
Although the BRC Cave speleothems were initially thought to have been deposited 
concurrently, the U-series ages show that is not the case for all the speleothems       
(Table 1). BRC03-02 grew from around 2.6 ka BP till present, and BRC03-03 was 
deposited during two periods spanning part of the last glacial interval and the middle of 
the Holocene. The average depositional rate (calcite deposition) for BRC03-02 was 375 
mm3/yr (Table 3 and Figure 11).  During the early stage of accumulation, the deposition 
rate was 63 mm3/yr, which is considerably lower than its average. A significant change 
occurred from 1.8 to 1.3 ka BP, when the rate increased to 337 mm3/yr. Deposition 
continued to increase from 1.3 to 1.2 ka BP years ago (326 mm3/yr). At around 500 years 
ago the deposition rate increased considerably to 1164 mm3/yr, the highest recorded for 
any of the four speleothems. This change could indicate an increase in drip rate, either 
from enhancement of secondary porosity of the above bedrock (which is unlikely) or 
from increased precipitation.  
 BRC03-03 was deposited from 29 to 21 ka BP, followed by a 15 ka hiatus and 
then from 5.2 to 4.0 ka BP (Table 3 and Figure 11). The average depositional rate for the 
glacial calcite was ~40 mm3/yr, and 354 mm3/yr for the Holocene. During the Glacial 
Period, the deposition rate decreased from 63 mm3/yr at 29 ka BP to14 mm3/yr by 21 ka 
BP. Figure 11 shows a decrease in deposition during this period, a trend that appears to 
record the decline in precipitation as the regional climate headed into the Last Glacial 
Maximum. Deposition then ceased for ~15,000 years until the mid-Holocene when new 
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calcite deposition started ~5.2 ka BP. The Holocene deposition rates represent a ~ 400% 
increase compared to the Last Glacial Maximum. It is well recognized that rainfall 
amounts were much lower during the last glacial period compared to the Holocene  
(Watts and Hansen 1994). 
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Table 3. Calcite deposition rates for Floridian speleothems.
BRC03-02 2571-1855 716 44800 63
BRC03-02 1855-1377 478 161000 337
BRC03-02 1377-1236 141 45900 326
BRC03-02 1236-805 431 67100 156
BRC03-02 805-524 281 65200 232
BRC03-02 524-475 49 5700 1200
BRC03-02 475-347 128 65300 510
BRC03-02 347-0 347 73800 213
BRC03-02 380
BRC03-03 Glacial 29241-29013 228 15700 69
BRC03-03 Glacial 29013-26537 629 32600 52
BRC03-03 Glacial 26537-24474 2476 59130 24
BRC03-03 Glacial 24474-21078 3396 48160 14
BRC03-03 Glacial 40
BRC03-03 Holocene 5200-4931 269 110000 410
BRC03-03 Holocene 4931-4738 193 100000 520
BRC03-03 Holocene 4738-4461 277 56900 206
BRC03-03 Holocene 4461-4307 154 43400 282
BRC03-03 Holocene 354
BRC03-03 Total 200
BRIARS04-01 3650-2546 1104 43650 40
BRIARS04-01 2546-2163 383 76300 199
BRIARS04-01 2163-1929 220 84700 385
BRIARS04-01 1929-1794 149 54600 366
BRIARS04-01 1794-1482 312 54300 174
BRIARS04-01 1482-1210 272 49400 182
BRIARS04-01 224
BRIARS04-02 4138-2215 1923 98060 51
BRIARS04-02 2215-1826 389 309000 795
BRIARS04-02 1826-1344 482 106000 220
BRIARS04-02 1344-1283 61 59000 970
BRIARS04-02 1283-1192 91 79000 870
BRIARS04-02 1192-842 350 93800 268
BRIARS04-02 842-591 251 116000 461
BRIARS04-02 591-480 111 102000 915
BRIARS04-02 480-32 448 27200 61
BRIARS04-02 32-0 32 26000 800
BRIARS04-02 540
Sample Distance from Base (years)
Time of 
deposition 
(years)
Volume of 
Calcite (mm3)
Average Deposition Rate
Average Deposition Rate
Average Deposition Rate
Calcite deposition (mm3/yr)
Average Deposition Rate
Average Deposition Rate
Average Deposition Rate
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Figure 11. Calcite deposition rates for Floridian speleothems. 
  
 
  
 The restart of calcite deposition for BRC03-02 (after 15 ka hiatus) had not been 
measured using U-series analysis, and so an age had to be interpolated using the lower 
regression equation from Figure 9. The strong regression coefficient (R2 = 0.97,                
p = 0.001) allowed a high level of confidence that this interpolation is close to the actual 
date. Figure 12 shows the extension of the regression line through to when the deposition 
started again at 110 mm above the base of the speleothem.         
This yielded an age of  5.2 ka BP.  
 
Figure 12. BRC03-03 Interpolation of age at 5.2 ka BP, after 15 ka hiatus. 
Speleothems collected from Briar Cave were also analyzed for their deposition 
rates. BRIARS04-01 was deposited from 3.6 to 1.2 ka BP with an average rate of 
deposition of 224 mm3/yr although rates ranged from 40 to 385 mm3/yr (Table 3 and 
Figure 11). The deposition rate was the lowest from ~ 3.6 to 2.5 ka, attaining a value of 
40 mm3/yr but then dramatically increased to ~385 mm3/yr from 2.1 to 1.9 ka BP.        
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The rate remained high (366 mm3/yr) from 1.9 to 1.8 ka BP but then declined 50% over 
the next 400 years.  
Stalagmite BRIARS04-02 was deposited continuously from 4.5 ka BP until 
present, with an average deposition rate of 542 mm3/yr, the highest of all the speleothems    
(Table 3 and Figure 11). This average is close to BRC03-02, indicating an increase in 
calcite deposition during the last 2,000 years, suggesting wetter conditions for the region 
as a whole. A slow deposition rate of 51 mm3/yr was recorded for BRIARS04-02 for its 
first 2.0 ka (4.1 to 2.2 ka BP), although the lack of dates during this period may disguise 
variable deposition rates. From ~ 2.2 to 1.8 ka BP a significant increase in deposition was 
recorded, which is consistent with a similar increase for BRIARS04-01. This agreement 
is strong evidence that the different drip sites within the same cave can be responding 
similarly to changes in precipitation.  The rate was the highest from 1.35 to 1.3 ka BP, 
attaining a value of 972 mm3/yr. Another major change was recorded from 600 to 480 
years ago, with a deposition rate of 915 mm3/yr this increase was also recorded in the 
speleothem BRC03-02, indicating an increase in precipitation for the region, not only for 
this single cave. 
 
 
5.3. Stable Isotopic Analysis  
Ages were assigned to these stable isotopic data using linear interpolation 
between U-series-dated portions of calcite. The polynomial regression equations shown 
in the results section to describe the individual stalagmite deposition trends were not 
used. While these equations provided a good approximation of the entire suite of dates 
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per speleothem, they cannot represent with total accuracy the date every single isotopic 
value. Consequently, using these equations would have assigned erroneous ages to stable 
isotopes, a problem simple linear interpolation reduces. 
The δ18O values for stalagmite BRC03-02 are shown in Figure 13. Maximum 
δ18O values of ~-4‰ occur at the base of the speleothem ~ 2.6 ka BP after which began a 
500-year trend towards lighter isotopic values. At ~2.0 ka BP, δ18O values plateaued for 
600 years followed by a continuation of the shift towards lighter isotopic values. This 
trend ceased at 0.9 ka BP, which is commonly regarded as the height of the MWP (Haug 
et al. 2001; Bradley et al. 2003). After this period of enhanced warmth/wetness, the 
speleothem experienced a shift towards heavier values once again, culminating in the 
LIA (Grove 1998; O’Brien et al. 1995; Hodell et al. 2005). This shift towards heavier 
values we interpret as a decrease in precipitation for the area.  
The δ13C record for BRC03-02 fluctuates between -11 and -12.5‰ with a -12 ‰ 
average (Figure 13). This small difference in values indicates that there were no major 
vegetation changes during the deposition of this speleothem. The average δ13C value of –
12 ‰ suggests an abundance of C4 vegetation, i.e. a forested environment.   
The only feature of interest for this record is that the minimum isotopic values are 
reached around the same time as those of the δ18O values (~1.0 ka BP), which can be 
interpreted as wetter conditions producing a slightly denser forest cover. The lack of 
correspondence between the oxygen and carbon isotopes confirms the isotopic 
equilibrium of the speleothem. 
 
  
 
Figure 13. Stable oxygen and carbon isotope records for BRC03-02. 
 The isotopic results for the second speleothem from BRC Cave, BRC03-03, were 
divided in two periods, Glacial and Holocene due to their separate depositional intervals. 
Figure 14 shows the isotopic values over time during the Glacial period. The first striking 
feature is the difference in the δ18O values compared to the Holocene speleothem 
BRC03-02, with BRC03-03 having much heavier isotopes. Staying with the wet-dry 
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interpretation of our isotopes, these values strongly show a very dry environment, as may 
be expected for a glacial period. Maximum dryness occurred ~25 ka BP, after which a 
short wetter period is centered around 24 ka BP. Similar wetter conditions are apparent 
~29 ka BP. Growth ceased at 21 ka BP which is the Last Glacial Maximum.  
 
Figure 14. Stable oxygen and carbon records for BRC03-03, during the Glacial 
Period. 
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The δ13C record fluctuates between -10‰ to -4.75‰ (Figure 14). This variation 
shows significant changes in vegetation above the cave, with 5.2‰ change centered on 
25 ka BP, sufficient enough to suggest a shift in vegetation from C3 to C4 plants which we 
interpret as changes in vegetation from forest to savannah-type vegetation, indicative of 
the drier conditions found in our δ18O values at the same time. Dorale et al. (1998) 
interpreted transitions between forest and grassland environments using a 4‰ shift in the 
speleothem calcite. Another study by Denniston et al. (2001) interpreted a ~ 2‰ decrease 
as sufficient to observed changes between prairie to forest environment. Hence, the 5.2‰ 
shift in our δ13C data must be indicative of a major vegetational change.   
Holocene records for stalagmite BRC03-03 are shown in Figure 15. The δ18O 
values show increased precipitation at 4.25 and 5.05 ka BP and drier periods between   
4.7 to 4.95 ka BP and another centered on 4.2 ka BP. There appear to be corresponding 
decreases in forest density due to these precipitation changes, with a less dense forest 
occurring during the dry period 4.7-4.95 ka BP and the other ~4.25 ka BP. However, 
there were no dramatic vegetation changes that characterized the prior glacial period.   
  
 
Figure 15. Stable oxygen and carbon record for BRC03-03, during the Holocene. 
 
 Oxygen isotopic results for Briars04-01 are shown in Figure 16. The δ18O signal 
shows a trend toward higher values at ~2.3 ka BP, followed by a decrease in values at 
~1.7 ka BP, and an increase in value at ~1.1 ka BP. The δ18O record fluctuates between   
-3.29‰  to -5.02‰, with an average of -4.18‰. (Note due to technical problems a full 
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record of the speleothem was not obtained at the time of this research; the spaces between 
the data do not represent a hiatus in the record).  
 Carbon isotopic results are shown in Figure 16. The δ13C signal shows a depletion 
~2.7 ka BP, followed by a more-stable period from 2.5 ka BP to 1.5 ka BP. The record 
displays fluctuations in the carbon isotopes, suggesting changes in the density of 
vegetation above the cave. Although no significant changes in vegetation occurred during 
the Holocene as recorded by other speleothems, the variability in BRIARS04-01 is due to 
the higher sensitivity of the record.  
  
 
Figure 16. Stable oxygen and carbon isotope records for BRIARS04-01. 
  
 Stable isotopes for BRIARS04-02 are shown in Figure 16. The δ18O signal shows 
an initial depletion from 4-3 ka BP, followed by fairly stable precipitation conditions 
from 3 to 1.3 ka BP. This stable interval is punctuated by one brief increase in 
precipitation at ~1.85 ka BP. After 1.3 ka BP, the speleothem experiences a transition to 
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wetter conditions, which is universally recognized as the MWP. From 0.8 ka until 
present, enrichment of the values occurs, denoting drier conditions of the Little Ice Age.  
The δ13C record shows a depletion from 4.2 – 3.5 ka BP signaling a more lush 
forest over the cave (Figure 16). Since this period, small deviations occurred in the 
record, but none significant enough to warrant special mention.                                  
These small changes suggest that the vegetation (i.e. forest vegetation) remained constant 
during last three millennia.  
 
 
  
 
Figure 17. Stable oxygen and carbon record for BRIARS04-02. 
 
 
5.4. Isotopic Equilibrium 
 A comparison between coeval speleothems collected from Briar Cave is shown in 
Figure 18. The comparison between the δ18O values over time for the two speleothems 
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from Briar Cave shows that little fractionation occurred during calcite deposition. This 
relationship confirms that the speleothems were deposited under isotopic equilibrium 
conditions. The match is not ideal but there are trends in the peaks and troughs, 
suggesting that the speleothems were recording similar climatic changes above the cave. 
There are several reasons for why the peaks do no match; there are variations in the 
isotopic signal in different parts of the caves, (the samples were not collected right next to 
each other) and  there are differences in the interpolation of the stable isotopes between 
the dates, (the dates were not collected at the same time periods for each speleothem). 
Considering all the things that can probably make them different, we think there is a 
similarity in the signal and both speleothems were deposited in isotopic equilibrium. 
 
Figure 18. Comparison between BRIARS04-02 and BRIARS04-01, showing isotopic 
equilibrium for the cave. 
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6. Discussion 
 
 Speleothems collected from the two Florida caves record hydrologic responses to 
changing climatic phenomena that affect the Floridian Peninsula. The δ18O isotopes 
provide indirect measures of the precipitation amount, and the δ13C provide information 
of the type of vegetation growing above the cave. Based on U-series analysis, the ages of 
the speleothems were determined, which provided information on changes in the calcite 
deposition rates of the speleothems.  By coupling the results from the Uranium-series 
with the stable isotopic information, we are able to create a chronologically accurate 
record of Florida’s Holocene paleoclimate. 
 
 
6.1. Verification of Regional Paleoclimate Signal 
 The next step in our analysis is to determine whether our interpretation of 
Florida’s paleoclimate, as derived from speleothems, agrees with previous paleoclimatic 
studies. These records are: Lake sediments from Lake Tulane (Cross et al. 2004),       
tree-ring data (surrogate for precipitation) from the southeastern US (Stahle and 
Cleaveland 1992), changes in sea surface temperature as recorded by NINO3            
(Cane 2005) and a record of titanium concentration in the Cariaco Basin of the Caribbean 
Sea (Haug et al. 2001). Speleothem BRIARS04-02 was selected because of its continuous 
record over the last 4, 200 years.
  
6.1.1. Speleothems BRIARS04-02 and BRC03-02 
 A correlation between stalagmites collected from BRC Cave and Briar Cave is 
shown in Figure 19. BRC03-02 and BRIARS04-02 δ18O records show very similar trends 
in their data which suggests that both speleothems are responding to a regional shift in 
climate and not a purely localized change. A second important point is that if either 
record was subject to isotopic fractionation, it would be highly unlikely that these two 
records would match so closely. Both stalagmites record the MWP and the LIA. 
However, there is some disagreement, in some of the smaller deviations in the isotopes, 
which is probably caused by localized climate differences or noise in the signals. 
 
Figure 19. Correlation between speleothems  δ18O of BRIARS04-02 and BRC03-02 
δ18O records. 
 
 
 
 
 58
 
  
 59
6.1.2. Lake Tulane and the Speleothems 
Lake Tulane is the most significant paleoclimate record for Florida during the last 
50 ka. The lake is of sufficient depth to have avoided desiccation over this period and the 
chemical composition of the lake waters is consistent throughout the year. There appears 
to be continuous sedimentation in the lake during the past 100,000 years                    
(pers. comm., D. Hollander 2005). The pollen record from the lake is one of the longest 
uninterrupted sequences in North America (Grimm et al. 1993). The most recent work by 
Cross et al. (2004) using δD of lipids extracted from Lake Tulane sediments for the last 
2.0 ka, produced a record of changes in relative humidity for this site. A positive 
correlation between relative humidity and precipitation amount is to be expected, and 
indeed the lake record of relative humidity corresponds to the shifts recorded in the δ18O 
of BRC03-02 and BRIARS04-02 (Figure 20). All three curves have lower values around 
the MWP and higher values during the LIA. Because this trend appears in all three 
records, we interpret it as a regional trend for the Florida peninsula.  
  
 
Figure 20. Comparison between δ18O of BRC03-02 and BRIARS04-02, to δD record 
from Lake Tulane, Florida (Cross et al. 2004).  
 
 
6.1.3. South East Precipitation 
 Tree-ring data of bald cypress from South Carolina, North Carolina and Georgia 
have been used to reconstruct the spring rainfall over the Southeastern U.S. for the last 
1,000 years (Stahle and Cleaveland 1992).  
 Our most detailed record of precipitation and the one closest to these three states 
is BRIARS04-02. The fluctuations in the SE USA precipitation record match very closely  
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the variability in the δ18O values (Figure 21). The SE USA precipitation record only dates 
back to 1.0 ka BP, whereas the speleothem goes back to ~4.2 ka BP. Consequently, the 
stalagmite δ18O records extends the precipitation record another 3.2 ka.                     
(Note the x- axis for precipitation (i.e. tree ring width) has been reversed, due to our 
interpretation of Florida’s paleoclimate (increase in precipitation = depleted isotopes)). 
 These comparison between the δ18O of the speleothem and the other surrogate 
records of Florida’s Holocene precipitation change achieve two objectives: 1) they 
confirm our interpretation of the isotopic records, 2) they suggest that a common regional 
precipitation exists for Florida. The next step is to examine some of the potential causes 
of these changes in precipitation. 
 
 
Figure 21. Correlation between δ18O of BRIARS04-02 with the SE US precipitation 
(Stahle and Cleveland 1992), as derived from tree-rings. 
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6.2. Causes of Holocene precipitation change in Florida  
 
6.2.1 AMO 
 The correlation with the SE USA tree-ring record and the BRIARS04-02 δ18O is 
presented in Figure 21. Enfield et al. (2001) suggests the main cause for precipitation 
variability is the Atlantic Multi-decadal Oscillation (AMO). This oscillation is driven by 
changes in pressure difference between the North Atlantic High (NAH) and the Icelandic 
Low. Large pressure differences lead to stronger winds that push warm water from the 
lower latitudes to the higher latitudes, increasing precipitation along the eastern seaboard, 
including Florida. Small pressure differences produce drier conditions. 
 
 
6.2.2. El Niño (NINO3) 
 El Niño is also influential for precipitation in Florida, bringing more precipitation 
to the SE USA. NINO3, refers to the sea surface temperature (SST) anomaly in the 
NINO3 region of the eastern equatorial Pacific, and is a commonly used index of El Niño 
activity (Cane 2005). Once again we use BRIARS04-02 as the record of precipitation 
amount for western Florida. Figure 22 shows the comparison between the stalagmite δ18O 
and NINO3. Although El Niño events produce greater amounts of winter precipitation for 
Florida, the rainfall will be isotopically depleted due to the cooler winter temperatures, 
which is still in agreement with our interpretation of the isotopic signal of Floridian 
speleothems. The changes in NINO3 record the variable intensity of El Niño that occurs 
at a slower pace than those of the AMO, which has a 60-80 year cycle. The slight offset 
  
seen in Figure 22 was added because the NINO3 record has a 40-year running mean 
which shifted the peaks and troughs of the index.   
 
 
Figure 22. Comparison between δ18O from BRIARS04-02 to NINO3 Index from 
Cane (2005). The arrows represent match between troughs.  
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6.2.3. Cariaco Basin 
 One final influence on the precipitation of Florida and consequently the δ18O 
values of our speleothems is the Intertropical Convergence Zone (ITCZ). Changes in the 
relative position of the ITCZ causes corresponding shifts in the position of the NAH. A 
migration north of the ITCZ would lead to a NE shift of the NAH, moving the easterlies 
influence to direct moist air into Florida and creating wetter conditions. Such a shift has 
been proposed by Haug et al. (2001) as the cause for wetter conditions during the MWP 
in the Cariaco Basin, located off the northern coast, South America. Their titanium record 
in marine sediments represents increases in continental runoff as the ITCZ moved 
northward. This Ti% record correlates with BRC03-02 and BRIARS04 (Figure 23), 
especially the increase in precipitation during the MWP (higher Ti values and lower δ18O 
values). Less precipitation during the LIA (lower Ti values and higher δ18O values) are 
interpreted as a southward movement of the ITCZ. (Note the x-axis Ti-record for the 
Cariaco Basin has been reversed, due to our interpretation of Florida’s paleoclimate). 
  
 
Figure 23. Comparison of δ18O from BRC03-02 and BRIARS04-02 to Cariaco Basin 
Ti% record (Haug et al. 2001). 
 
 
6.3. Florida’s paleoclimate during the last Ice Age 
 Grimm et al. (1993) studied oscillations of pine pollen for Lake Tulane, FL, and 
found a correlation with the North Atlantic Heinrich events over the last 50 ka. The 
Heinrich events are massive periodic advances of ice streams from the eastern margin of 
the Laurentide Ice Sheet (Heinrich 1988; Ruddiman 2001). The correlation between 
Heinrich events and the major changes in the temperature of the North Atlantic suggested 
that fresh water releases were the result of the melting of the Heinrich’s icebergs, which 
disrupted deep-water formation, thereby permitting switches between glacial and 
interglacial modes of thermohalines circulation (Broecker 1994).They interpreted their 
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record as wetter soil conditions during Heinrich events due to lower evaporation rates, 
which favored an increase in Pinus, whose pollen was then found in greater abundance in 
Lake Tulane. They suggested the cause of lower evaporation was an influx of cold glacial 
water into the Gulf of Mexico. Our speleothem BRC03-02 records climate change from 
30-21 ka BP (Figure 22).  From 27 to 25 ka BP, it experienced substantial dryness as 
shown by the δ13C signal, this event is recorded in Lake Tulane as Heinrich event 3 
(Grimm et al. 1993). The beginning of H2 was also recorded by the speleothem δ13C 
record. The cooler conditions and lower evaporation rates may have increased the water 
balance in low-lying Lake Tulane, but on the Brooksville Ridge, cooler climate would 
have reduced precipitation (as shown by the δ18O values at this time), resulting in a shift 
towards a savannah-type vegetation state above the cave.   
Between 24 to 25 ka BP, there was an increase in precipitation recorded by both 
the δ18O and corresponding shift to forest-like conditions as recorded by the δ13C record. 
Drier conditions were also recorded at ~21 ka BP characterized by cooler temperatures at 
the start of the Last Glacial Maximum, which led to a cessation of growth for the 
speleothem.  
 
  
 
Figure 24. Comparison between the δ13C from BRC03-02 (Glacial) and the pollen 
record from Lake Tulane (Grimm et al. 1993). 
 
 
6.4. Teleconnections controlling precipitation in Florida 
 A teleconnection, as defined by the American Meteorological Society, “a linkage 
between weather changes occurring in widely separated regions of the globe”     
(Huschke 1959). A close correlation between the isotopic record from BRIARS04-02 and 
surrogate records that represent various potential influential teleconnections for Florida 
and other locations suggest teleconnections operating at the decadal and centennial scale. 
These lead to changes in both precipitation amount and vegetation at a regional level.  
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 Figure 25 shows our interpretation of the teleconnections affecting our 
speleothem isotopic records. 1) The AMO is driven by changes in the sea-surface 
temperature of the North Atlantic Ocean. During warm water periods (known as the 
warm phase of the AMO), rainfall in south and central Florida will increase (Physical 
Oceanography Division/ NOAA). This agrees with the study by Enfield et al. (2001) that 
found a positive relation between the decadal changes of AMO and river discharge over 
the 20th century for Florida. When the AMO enters a cool phase, precipitation decreases 
above the caves. Our surrogate for the AMO was SE USA precipitation as derived from 
tree ring data (Stahle and Cleaveland 1992). Enfield et al. (2001) suggested the SE USA 
tree-ring record was strongly influenced by the AMO. Consequently, our close 
correlation with the SE USA precipitation record for the last 1.0 ka suggests a strong 
AMO control on Florida’s precipitation. Furthermore, our speleothem record extends 
back to 4.2 ka BP, thereby adding another 3,000 years of precipitation reconstruction to 
the tree ring record. The correlation between speleothem isotopic record and the 
surrogate for the AMO points toward a teleconnection between subtropical Florida and 
the higher latitudes of the North Atlantic.  
  
 
Figure 25. Diagram showing teleconnections occurring around Florida; background 
image NASA/JPL/NIMA. 
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 El Niño is a climatic pattern that is marked by warm-sea surface temperatures in 
the eastern tropical Pacific and associated climatic shifts around the globe, off the coast 
of South America (Cane 2005). During periods of warm El Niño phases, precipitation 
will increase in Florida as shown by Winsberg (1994). The strong correlation of 
BRIARS04-02 and NINO3, an index measuring El Niño intensity, has been shown for 
the last 1.0 ka. Enfield et al. (2001) found a combined influence of changing El Niño 
intensity and the AMO, again for the 20th century. This relationship suggests a 
  
 70
teleconnection originating in the tropical Pacific. Once more, our speleothem records 
extend this relationship between precipitation and El Niño for Florida back to 4.2 ka BP. 
These changes in the intensity of El Niño tend to be decadal in scale (Cane 2005).    
 The ITCZ is located around the equator and is generated by the convergence of 
the northeasterly and southeasterly trade-winds. Changes in the relative position of the 
ITCZ, as it moves north or south will cause changes in precipitation for equatorial 
regions. If the ITCZ moves north it will cause a northeast movement in the relative 
position of the NAH. This change in the NAH will move the easterlies that wrap around 
the high, and as a result, they direct moist air towards Florida, thereby increasing 
precipitation. This long-term (centuries) influence explains the changes in the 
precipitation during the MWP-LIA as shown by the correlation between BRIARS04-02 
and the Cariaco Basin Ti% (Figure 23), the surrogate for the position of the ITCZ    
(Haug et al. 2001). Hence, the final teleconnection is a combination of the changing 
ITCZ position and its effect on the NAH, leading to centennial-scale shifts, and the 
largest changes in precipitation amount for Florida, as record during the MWP-LIA 
transition.
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7. Conclusions 
 
 This study represents the first speleothem-based paleoclimate research for Florida, 
using stalagmites collected from BRC Cave and Briar Cave. The speleothem δ18O  
recorded indirectly changes in precipitation amount occurring in Florida for the last 
4,200 years. In Florida, larger storms have stronger convection therefore 
precipitation; forms at higher altitudes generating isotopically depleted precipitation 
and taller thunderheads producing more precipitation. Evidence of this relationship 
between isotopic composition and amount of rainfall have been shown by the studies 
of Lachniet et al. (2004) and Fleitmann et al. (2003). Consequently, depleted 
speleothem δ18O values indirectly relate to increased precipitation. Variations in the 
δ13C of cave calcite can be attributed to changes in vegetation above the cave, 
although the isotopic shifts  should be > 3-4 ‰ (Dorale et al. 1992).  
 For this study a new method for calculating calcite deposition rates was 
developed. Previous methods were not taking into account the changing morphology 
of the speleothem. This new method uses volumetric measurements of calcite 
deposited between (TIMS) ages (mm3/yr). There seems to be certain periods of 
agreement between of decreased and increased growth for the speleothems specially 
at intervals centered on 2 ka BP and 0.5 ka BP. 
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 Speleothems from the same cave and two different caves, were compared to 
determine if they recorded similar isotopic signals. If so, then a regional climate 
signal would be measured in the cave calcite. A close correlation would also provide 
strong evidence of the speleothems being deposited in isotopic equilibrium with the 
dripwater at each site. A close correlation between speleothems collected from BRC 
Cave and Briar Cave in Florida was evident, suggesting a regional shift in climate and 
also isotopic equilibrium for both caves.  
 The speleothem’s δ13C isotopes recorded stable conditions above the cave during 
the Holocene (with the exception of BRIARS04-01). The oldest speleothem  
(BRC03-02) grew during the latter part of the last glacial period, and both the oxygen 
and carbon isotopes showed a drier climate than today with a savannah-type 
vegetation, with the exception of two short-lived forested episodes. The speleothem 
ceased growing at the Last Glacial Maximum.  
Speleothem record was also compared to other regional climate records, such as 
the Stahle and Cleveland (1992) SE USA precipitation record and the Lake Tulane 
δD lacustrine (Cross et al. 2004). BRIARS04-02 provides the highest resolution 
record (going back 4,200 years) and therefore was used to compare to these other 
paleoclimate records. Close agreement was observed between the calcite δ18O 
speleothem and the SE USA precipitation record and the Lake Tulane records. 
Consequently, the factors that are generating these shifts in climate cover the whole 
SE USA and are probably affecting an even broader area.  
These large-scale climatic influences are the AMO, El Niño and the ITCZ. The 
first two produce short-term changes in precipitation amount for the region.           
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 The AMO, as suggested by Enfield et al. (2001), will cause changes in 
precipitation that have a decadal cyclicity (60-80 years).  This variability is shown in 
the SE USA precipitation record (Stahle and Cleveland 1992) and the close 
correlation with the speleothem BRIARS04-02 suggesting a strong influence on the 
precipitation signal recorded in the speleothem. Enfield et al. (2001) also noted the 
influence of    El Niño on Florida’s precipitation, with changes in its intensity that are 
also decadal in nature (as measured by NINO3 - Cane 2005). Once again, a strong 
agreement exists between BRIARS04-02 and NINO3. Hence, a coupled influence to 
both the AMO and the changing intensity of El Niño affect short-term precipitation 
changes in Florida.  
 Longer-term shifts in the mean position of the ITCZ and its effect on the NAH 
position are recorded in the Cariaco Basin Ti% record (surrogate for the ITCZ 
movement - Haug et al. 2001), signal that was correlated with BRIARS04-02. The 
close match shows that the NAH, as influenced by the ITCZ, also affects precipitation 
in Florida. This influence is centennial in nature, with changes in precipitation 
occurring during the MWP-LIA. 
 A final conclusion to be taken from this study is which teleconnections are 
influential over Florida for the latter part of the Holocene. As noted above, the AMO, 
El Niño and ITCZ all affect Florida’s climate. Consequently, the teleconnections are 
both Equatorial (ITCZ and El Niño) and from the higher latitudes (AMO). Such a 
result can be expected due to Florida’s subtropical location, sitting between both 
latitudinal zones.   
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Appendix A: BRC03-02 Stable Isotopic Results 
Sample 
Identification  
Distance from 
top (mm) 
δ13C 
(‰VPDB) 
δ18O  
(‰VPDB) Age (Years BP) 
BRCO3-2 1 -11.40 -4.55 0 
BRCO3-2 2 -11.49 -4.60 32 
BRCO3-2 3 -12.01 -4.38 63 
BRCO3-2 4 -11.98 -4.34 95 
BRCO3-2 5 -11.93 -4.49 126 
BRCO3-2 6 -11.76 -4.52 158 
BRCO3-2 7 -11.91 -4.64 189 
BRCO3-2 8 -11.76 -4.63 221 
BRCO3-2 9 -11.33 -4.39 252 
BRCO3-2 10 -11.33 -4.23 284 
BRCO3-2 11 -11.84 -4.36 315 
BRCO3-2 12 -11.84 -4.36 347 
BRCO3-2 13 -11.94 -4.39 361 
BRCO3-2 14 -11.96 -4.25 375 
BRCO3-2 15 -12.24 -4.46 390 
BRCO3-2 16 -12.15 -4.71 404 
BRCO3-2 17 -12.24 -4.92 418 
BRCO3-2 18 -11.84 -4.53 432 
BRCO3-2 19 -11.73 -4.45 447 
BRCO3-2 20 -12.25 -4.72 461 
BRCO3-2 21 -12.04 -4.42 475 
BRCO3-2 22 -12.11 -4.61 477 
BRCO3-2 23 -12.15 -4.88 479 
BRCO3-2 24 -12.07 -4.31 482 
BRCO3-2 25 -12.14 -5.02 484 
BRCO3-2 26 -12.09 -4.97 486 
BRCO3-2 27 -11.97 -4.87 488 
BRCO3-2 28 -11.90 -4.61 491 
BRCO3-2 29 -11.75 -4.63 493 
BRCO3-2 30 -11.87 -4.85 495 
BRCO3-2 31 -11.73 -4.84 497 
BRCO3-2 32 -11.79 -4.70 500 
BRCO3-2 33 -11.88 -4.79 502 
BRCO3-2 34 -12.07 -4.96 504 
BRCO3-2 35 -12.08 -5.01 506 
BRCO3-2 36 -12.14 -5.00 508 
BRCO3-2 37 -12.12 -4.87 511 
BRCO3-2 38 -12.09 -4.97 513 
BRCO3-2 39 -11.78 -4.79 515 
BRCO3-3 40 -12.01 -4.85 517 
BRCO3-2 41 -11.98 -4.79 520 
BRCO3-2 42 -12.10 -4.70 522 
BRCO3-2 43 -12.16 -4.66 524 
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BRCO3-2 44 -12.24 -4.57 538 
BRCO3-2 45 -12.15 -4.45 552 
BRCO3-2 46 -12.21 -4.39 566 
BRCO3-2 47 -12.18 -4.41 580 
BRCO3-2 48 -12.26 -4.55 594 
BRCO3-2 49 -12.07 -4.48 608 
BRCO3-2 50 -12.25 -4.66 622 
BRCO3-2 51 -12.19 -4.51 636 
BRCO3-2 52 -12.19 -4.65 650 
BRCO3-2 53 -12.23 -4.60 665 
BRCO3-2 54 -12.18 -4.64 679 
BRCO3-2 55 -12.25 -4.55 693 
BRCO3-2 56 -12.03 -4.35 707 
BRCO3-2 57 -12.42 -4.49 721 
BRCO3-2 58 -12.26 -4.52 735 
BRCO3-2 59 -12.25 -4.50 749 
BRCO3-2 60 -12.24 -4.40 763 
BRCO3-2 61 -12.24 -4.47 777 
BRCO3-2 62 -12.35 -4.53 791 
BRCO3-2 63 -12.02 -4.52 805 
BRCO3-2 64 -12.18 -4.55 816 
BRCO3-2 65 -12.15 -4.47 827 
BRCO3-2 66 -12.32 -4.72 837 
BRCO3-2 67 -12.26 -4.93 848 
BRCO3-2 68 -12.18 -5.19 859 
BRCO3-2 69 -12.21 -5.10 870 
BRCO3-2 70 -12.09 -4.79 880 
BRCO3-2 71 -12.02 -4.72 891 
BRCO3-2 72 -11.65 -4.71 902 
BRCO3-2 73 -11.94 -4.80 913 
BRCO3-2 74 -12.11 -5.25 924 
BRCO3-2 75 -12.20 -5.09 934 
BRCO3-2 76 -12.16 -5.24 945 
BRCO3-2 77 -12.21 -4.95 956 
BRCO3-2 78 -11.93 -4.60 967 
BRCO3-2 79 -11.95 -4.64 977 
BRCO3-2 80 -12.21 -4.75 988 
BRCO3-2 81 -12.33 -4.61 999 
BRCO3-2 82 -12.56 -4.94 1010 
BRCO3-2 83 -12.57 -5.15 1021 
BRCO3-2 84 -12.48 -4.93 1031 
BRCO3-2 85 -12.46 -4.99 1042 
BRCO3-2 86 -12.42 -5.03 1053 
BRCO3-2 87 -12.27 -4.79 1064 
BRCO3-2 88 -12.40 -5.08 1074 
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BRCO3-2 89 -11.97 -4.88 1085 
BRCO3-2 90 -12.12 -4.75 1096 
BRCO3-2 91 -11.98 -4.67 1107 
BRCO3-2 92 -11.96 -4.73 1117 
BRCO3-2 93 -11.64 -4.82 1128 
BRCO3-2 94 -11.78 -4.64 1139 
BRCO3-2 95 -11.68 -4.70 1150 
BRCO3-2 96 -11.98 -4.61 1161 
BRCO3-2 97 -12.04 -4.90 1171 
BRCO3-2 98 -12.04 -4.67 1182 
BRCO3-2 99 -12.16 -4.66 1193 
BRCO3-3 100 -12.19 -4.70 1204 
BRCO3-2 101 -12.22 -4.73 1214 
BRCO3-2 102 -12.18 -4.49 1225 
BRCO3-2 103 -12.34 -4.34 1236 
BRCO3-2 104 -12.34 -4.25 1244 
BRCO3-2 105 -12.54 -4.42 1251 
BRCO3-2 106 -12.35 -4.37 1259 
BRCO3-2 107 -12.43 -4.52 1266 
BRCO3-2 108 -12.34 -4.46 1273 
BRCO3-2 109 -12.36 -4.65 1281 
BRCO3-2 110 -12.32 -4.77 1288 
BRCO3-2 111 -12.10 -4.74 1296 
BRCO3-2 112 -12.02 -4.66 1303 
BRCO3-2 113 -12.12 -4.65 1310 
BRCO3-2 114 -12.21 -4.71 1318 
BRCO3-2 115 -11.94 -4.70 1325 
BRCO3-2 116 -11.96 -4.53 1333 
BRCO3-2 117 -11.88 -4.40 1340 
BRCO3-2 118 -12.07 -4.43 1347 
BRCO3-2 119 -11.93 -4.29 1355 
BRCO3-2 120 -12.06 -4.30 1362 
BRCO3-2 121 -12.03 -4.10 1370 
BRCO3-2 122 -11.81 -4.55 1377 
BRCO3-2 123 -12.16 -4.36 1411 
BRCO3-2 124 -11.88 -4.27 1445 
BRCO3-2 125 -11.79 -4.32 1479 
BRCO3-2 126 -11.63 -4.43 1514 
BRCO3-2 127 -11.54 -4.39 1548 
BRCO3-2 128 -11.34 -4.26 1582 
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BRCO3-2 129 -11.50 -4.35 1616 
BRCO3-2 130 -11.59 -4.30 1650 
BRCO3-2 131 -11.71 -4.32 1684 
BRCO3-2 132 -11.91 -4.43 1718 
BRCO3-2 133 -12.05 -4.36 1753 
BRCO3-2 134 -12.10 -4.40 1787 
BRCO3-2 135 -12.11 -4.28 1821 
BRCO3-2 136 -11.91 -4.31 1855 
BRCO3-2 137 -11.08 -4.39 1900 
BRCO3-2 138 -11.38 -4.40 1945 
BRCO3-2 139 -11.59 -4.37 1989 
BRCO3-2 140 -11.60 -4.77 2034 
BRCO3-2 141 -11.91 -4.77 2079 
BRCO3-2 142 -11.98 -4.59 2124 
BRCO3-2 143 -11.85 -4.40 2168 
BRCO3-2 144 -11.78 -4.46 2213 
BRCO3-2 145 -11.88 -4.38 2258 
BRCO3-2 146 -11.68 -4.27 2303 
BRCO3-2 147 -11.36 -4.01 2347 
BRCO3-2 148 -11.12 -3.94 2392 
BRCO3-2 149 -11.22 -4.10 2437 
BRCO3-2 150 -11.58 -4.22 2482 
BRCO3-2 151 -11.89 -4.22 2526 
BRCO3-2 152 -11.90 -3.97 2571 
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Sample 
Identification 
(mm) 
Distance from 
top (mm) 
δ13C 
(‰VPDB) 
δ18O  
(‰VPDB) Age (Years BP) 
BRC03-03 0 -10.48 -3.76 3,968 
BRC03-03 1 -10.40 -3.68 3,984 
BRC03-03 2 -10.63 -3.64 3,999 
BRC03-03 3 -10.86 -3.43 4,014 
BRC03-03 4 -9.88 -3.54 4,030 
BRC03-03 5 -10.30 -3.72 4,045 
BRC03-03 6 -10.29 -3.77 4,061 
BRC03-03 7 -10.12 -3.62 4,076 
BRC03-03 8 -10.20 -3.40 4,091 
BRC03-03 9 -9.23 -3.63 4,107 
BRC03-03 10 -9.01 -3.25 4,122 
BRC03-03 11 -9.89 -3.35 4,138 
BRC03-03 12 -10.13 -3.13 4,153 
BRC03-03 13 -9.95 -3.12 4,168 
BRC03-03 14 -10.02 -3.24 4,184 
BRC03-03 15 -9.99 -3.33 4,199 
BRC03-03 16 -9.68 -3.33 4,215 
BRC03-03 17 -9.37 -3.63 4,230 
BRC03-03 18 -9.91 -4.08 4,245 
BRC03-03 19 -10.03 -4.17 4,261 
BRC03-03 20 -9.76 -3.63 4,276 
BRC03-03 21 -9.64 -3.65 4,292 
BRC03-03 22 -10.00 -3.65 4,307 
BRC03-03 23 -9.86 -3.67 4,322 
BRC03-03 24 -9.33 -3.42 4,338 
BRC03-03 25 -10.82 -3.66 4,353 
BRC03-03 26 -11.11 -4.08 4,369 
BRC03-03 27 -11.00 -3.88 4,384 
BRC03-03 28 -11.03 -3.95 4,399 
BRC03-03 29 -10.18 -3.74 4,415 
BRC03-03 30 -10.21 -3.75 4,430 
BRC03-03 31 -10.78 -3.98 4,446 
BRC03-03 32 -10.28 -3.78 4,461 
BRC03-03 33 -10.70 -3.74 4,516 
BRC03-03 34 -10.54 -3.90 4,544 
BRC03-03 35 -9.22 -3.34 4,572 
BRC03-03 36 -10.47 -3.53 4,600 
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BRC03-03 37 -10.08 -3.81 4,627 
BRC03-03 38 -10.65 -4.05 4,655 
BRC03-03 39 -10.60 -3.86 4,683 
BRC03-03 40 -10.53 -3.53 4,710 
BRC03-03 41 -9.74 -3.20 4,738 
BRC03-03 42 -9.64 -3.58 4,746 
BRC03-03 43 -10.10 -3.42 4,755 
BRC03-03 44 -9.95 -3.49 4,763 
BRC03-03 45 -9.75 -3.50 4,772 
BRC03-03 46 -8.97 -3.15 4,780 
BRC03-03 47 -9.06 -3.04 4,788 
BRC03-03 48 -9.28 -3.57 4,797 
BRC03-03 49 -8.71 -3.22 4,805 
BRC03-03 50 -9.17 -3.51 4,814 
BRC03-03 51 -9.02 -3.37 4,822 
BRC03-03 52 -9.01 -3.38 4,830 
BRC03-03 53 -10.02 -3.77 4,839 
BRC03-03 54 -10.53 -3.79 4,847 
BRC03-03 55 -10.42 -3.64 4,855 
BRC03-03 56 -10.60 -3.70 4,864 
BRC03-03 57 -10.66 -3.76 4,872 
BRC03-03 58 -10.67 -3.76 4,881 
BRC03-03 59 -10.33 -3.72 4,889 
BRC03-03 60 -10.23 -3.49 4,897 
BRC03-03 61 -9.55 -3.47 4,906 
BRC03-03 62 -9.58 -3.31 4,914 
BRC03-03 63 -10.57 -3.52 4,923 
BRC03-03 64 -10.75 -3.55 4,931 
BRC03-03 65 -10.59 -2.91 4,950 
BRC03-03 66 -10.84 -3.60 4,969 
BRC03-03 67 -10.60 -3.52 4,989 
BRC03-03 68 -10.68 -3.91 5,008 
BRC03-03 69 -11.10 -4.36 5,027 
BRC03-03 70 -10.13 -3.77 5,046 
BRC03-03 71 -10.39 -3.17 5,066 
BRC03-03 73 -10.16 -3.75 5,085 
BRC03-03 74 -10.56 -4.07 5,104 
BRC03-03 75 -10.42 -3.73 5,123 
BRC03-03 76 -10.34 -3.24 5,142 
BRC03-03 77 -10.52 -3.86 5,162 
BRC03-03 78 -10.07 -3.21 5,181 
BRC03-03 79 -8.70 -3.17 *5,200 
BRC03-03 80 -8.49 -2.56 n/a 
BRC03-03 81 -6.55 -1.95 n/a 
BRC03-03 82 -5.85 -2.04 21,078 
BRC03-03 83 -6.84 -2.58 21,195 
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BRC03-03 84 -7.16 -2.68 21,312 
BRC03-03 85 -6.24 -2.39 21,429 
BRC03-03 86 -6.14 -2.30 21,547 
BRC03-03 87 -6.88 -2.47 21,664 
BRC03-03 88 -7.96 -2.89 21,781 
BRC03-03 89 -8.60 -3.26 21,898 
BRC03-03 90 -7.98 -2.91 22,015 
BRC03-03 91 -9.37 -2.91 22,132 
BRC03-03 92 -8.04 -3.26 22,249 
BRC03-03 93 -9.07 -2.65 22,366 
BRC03-03 94 -8.87 -2.80 22,483 
BRC03-03 95 -9.31 -2.76 22,600 
BRC03-03 96 -9.32 -3.17 22,718 
BRC03-03 97 -9.05 -2.66 22,835 
BRC03-03 98 -9.30 -2.51 22,952 
BRC03-03 99 -9.12 -2.59 23,069 
BRC03-03 100 -8.86 -2.44 23,186 
BRC03-03 101 -9.13 -2.45 23,303 
BRC03-03 102 -9.11 -2.26 23,420 
BRC03-03 103 -9.09 -2.32 23,537 
BRC03-03 104 -9.20 -2.59 23,654 
BRC03-03 105 -9.19 -2.60 23,771 
BRC03-03 106 -9.93 -3.31 23,889 
BRC03-03 107 -10.01 -3.42 24,006 
BRC03-03 108 -9.93 -3.34 24,123 
BRC03-03 109 -9.85 -3.28 24,240 
BRC03-03 110 -9.15 -2.87 24,357 
BRC03-03 111 -7.95 -2.16 24,474 
BRC03-03 112 -7.71 -2.08 24,595 
BRC03-03 113 -7.40 -1.85 24,717 
BRC03-03 114 -6.83 -1.79 24,838 
BRC03-03 116 -8.58 -2.85 24,959 
BRC03-03 117 -7.38 -2.50 25,081 
BRC03-03 118 -5.27 -1.69 25,202 
BRC03-03 119 -4.75 -1.72 25,324 
BRC03-03 120 -5.34 -1.86 25,445 
BRC03-03 121 -5.24 -1.89 25,566 
BRC03-03 122 -6.34 -2.24 25,688 
BRC03-03 123 -6.90 -2.73 25,809 
BRC03-03 124 -7.03 -2.53 25,930 
BRC03-03 125 -7.32 -2.92 26,052 
BRC03-03 126 -7.01 -2.19 26,173 
BRC03-03 127 -7.78 -2.48 26,294 
BRC03-03 128 -6.86 -2.07 26,416 
BRC03-03 129 -8.64 -2.77 26,537 
BRC03-03 130 -9.17 -2.34 26,682 
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BRC03-03 131 -9.35 -2.69 26,827 
BRC03-03 132 -8.16 -2.58 26,971 
BRC03-03 133 -8.18 -2.56 27,116 
BRC03-03 134 -7.33 -2.33 27,261 
BRC03-03 135 -7.41 -2.37 27,406 
BRC03-03 136 -8.43 -2.63 27,550 
BRC03-03 137 -8.20 -2.54 27,695 
BRC03-03 138 -8.22 -2.53 27,840 
BRC03-03 139 -6.90 -2.72 27,985 
BRC03-03 140 -7.67 -2.81 28,129 
BRC03-03 141 -7.24 -2.75 28,274 
BRC03-03 142 -8.42 -2.80 28,419 
BRC03-03 143 -8.04 -2.70 28,564 
BRC03-03 144 -8.30 -3.00 28,708 
BRC03-03 145 -8.47 -3.24 28,853 
BRC03-03 146 -8.29 -3.09 28,998 
BRC03-03 147 -8.48 -3.29 28,999 
BRC03-03 148 -8.15 -3.01 28,999 
BRC03-03 149 -8.38 -3.03 29,000 
BRC03-03 150 -8.21 -2.93 29,001 
BRC03-03 151 -8.34 -3.09 29,002 
BRC03-03 152 -7.84 -2.77 29,003 
BRC03-03 153 -8.15 -3.02 29,003 
BRC03-03 154 -7.81 -2.73 29,004 
BRC03-03 155 -7.86 -2.82 29,005 
BRC03-03 156 -8.18 -3.01 29,006 
BRC03-03 157 -7.94 -2.63 29,007 
BRC03-03 158 -7.97 -2.65 29,007 
BRC03-03 159 -8.00 -2.75 29,008 
BRC03-03 160 -7.98 -2.60 29,009 
BRC03-03 161 -7.96 -2.94 29,010 
BRC03-03 162 -7.52 -2.58 29,011 
BRC03-03 163 -7.52 -2.52 29,011 
BRC03-03 164 -7.52 -2.72 29,012 
BRC03-03 165 -7.64 -2.95 29,013 
BRC03-03 166 -7.09 -2.95 29,023 
BRC03-03 167 -7.34 -3.45 29,032 
BRC03-03 168 -7.28 -3.05 29,042 
BRC03-03 169 -6.91 -2.75 29,051 
BRC03-03 170 -7.27 -2.93 29,061 
BRC03-03 171 -7.24 -2.79 29,070 
BRC03-03 172 -7.23 -2.84 29,080 
BRC03-03 173 -7.18 -2.71 29,089 
BRC03-03 174 -7.84 -3.44 29,099 
BRC03-03 175 -7.31 -2.79 29,108 
BRC03-03 176 -7.58 -2.87 29,118 
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BRC03-03 177 -7.50 -2.89 29,127 
BRC03-03 178 -7.93 -3.11 29,137 
BRC03-03 179 -8.01 -3.23 29,146 
BRC03-03 180 -7.94 -3.09 29,156 
BRC03-03 181 -7.94 -2.97 29,165 
BRC03-03 182 -8.30 -3.25 29,175 
BRC03-03 183 -8.48 -3.39 29,184 
BRC03-03 184 -8.60 -3.07 29,194 
BRC03-03 185 -8.23 -3.27 29,203 
BRC03-03 186 -7.73 -2.85 29,213 
BRC03-03 187 -6.37 -2.26 29,222 
BRC03-03 188 -6.79 -2.59 29,232 
BRC03-03 189 -6.90 -2.72 29,241 
* Interpolated date 
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Appendix C: BRIARS04-01 Stable Isotopic Analysis 
 
Sample 
Identification  
Distance from 
top (mm) 
δ13C 
(‰VPDB) 
δ18O 
(‰VPDB) Age (Years BP) 
BRIARS04-01 0 -6.49 -3.91 1074 
BRIARS04-01 1 -6.10 -3.78 1088 
BRIARS04-01 2 -7.12 -3.95 1101 
BRIARS04-01 3 -6.98 -4.15 1115 
BRIARS04-01 4 -6.78 -3.65 1128 
BRIARS04-01 5 -6.21 -3.29 1142 
BRIARS04-01 6 -6.13 -3.70 1156 
BRIARS04-01 7 -5.80 -3.60 1169 
BRIARS04-01 8 -5.47 -3.50 1183 
BRIARS04-01 9 -5.65 -3.56 1196 
BRIARS04-01 10 -5.84 -3.62 1210 
BRIARS04-01 11 -5.33 -3.83 1224 
BRIARS04-01 12 n/a n/a 1237 
BRIARS04-01 13 n/a n/a 1251 
BRIARS04-01 14 n/a n/a 1264 
BRIARS04-01 15 n/a n/a 1278 
BRIARS04-01 16 -6.68 -3.61 1292 
BRIARS04-01 17 n/a n/a 1305 
BRIARS04-01 18 n/a n/a 1319 
BRIARS04-01 19 n/a n/a 1332 
BRIARS04-01 20 n/a n/a 1346 
BRIARS04-01 21 n/a n/a 1360 
BRIARS04-01 22 n/a n/a 1373 
BRIARS04-01 23 n/a n/a 1387 
BRIARS04-01 24 n/a n/a 1400 
BRIARS04-01 25 n/a n/a 1414 
BRIARS04-01 26 -5.85 -4.06 1428 
BRIARS04-01 27 -6.28 -4.17 1441 
BRIARS04-01 28 -6.71 -4.28 1455 
BRIARS04-01 29 -7.21 -4.42 1468 
BRIARS04-01 30 -7.63 -3.81 1482 
BRIARS04-01 31 -8.24 -4.02 1503 
BRIARS04-01 32 -7.51 -4.22 1524 
BRIARS04-01 33 -7.31 -4.00 1544 
BRIARS04-01 34 -8.47 -4.77 1565 
BRIARS04-01 35 -8.48 -4.95 1586 
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BRIARS04-01 36 -7.97 -4.12 1607 
BRIARS04-01 37 -7.69 -4.04 1628 
BRIARS04-01 38 -7.62 -4.19 1648 
BRIARS04-01 39 -8.38 -5.02 1669 
BRIARS04-01 40 -8.26 -4.72 1690 
BRIARS04-01 41 -8.14 -4.42 1711 
BRIARS04-01 42 -8.40 -4.51 1732 
BRIARS04-01 43 -8.47 -4.41 1752 
BRIARS04-01 44 -8.20 -4.15 1773 
BRIARS04-01 45 -8.19 -4.50 1794 
BRIARS04-01 46 -8.65 -4.69 1802 
BRIARS04-01 47 -7.84 -3.99 1811 
BRIARS04-01 48 -8.17 -3.98 1819 
BRIARS04-01 49 -8.10 -3.88 1827 
BRIARS04-01 50 -8.55 -3.95 1835 
BRIARS04-01 51 -8.55 -4.23 1844 
BRIARS04-01 52 -8.31 -4.03 1852 
BRIARS04-01 53 -8.20 -4.61 1860 
BRIARS04-01 54 -8.39 -4.30 1869 
BRIARS04-01 55 -8.17 -4.36 1877 
BRIARS04-01 56 -8.25 -4.17 1885 
BRIARS04-01 57 -8.20 -4.24 1893 
BRIARS04-01 58 -7.99 -4.33 1902 
BRIARS04-01 59 -8.41 -4.41 1910 
BRIARS04-01 60 -8.46 -4.59 1918 
BRIARS04-01 61 -8.03 -4.52 1926 
BRIARS04-01 62 -7.74 -3.94 1935 
BRIARS04-01 63 -8.03 -4.00 1943 
BRIARS04-01 64 -8.31 -4.06 1955 
BRIARS04-01 65 -8.24 -4.12 1966 
BRIARS04-01 66 -8.59 -4.18 1978 
BRIARS04-01 67 -8.45 -3.80 1989 
BRIARS04-01 68 -9.29 -3.95 2001 
BRIARS04-01 69 -9.02 -4.00 2013 
BRIARS04-01 70 -8.93 -3.88 2024 
BRIARS04-01 71 -8.94 -4.17 2036 
BRIARS04-01 72 -8.93 -4.10 2047 
BRIARS04-01 73 -8.66 -4.10 2059 
BRIARS04-01 74 -8.42 -4.25 2070 
BRIARS04-01 75 -8.63 -4.59 2082 
BRIARS04-01 76 -8.98 -4.66 2094 
BRIARS04-01 77 -9.32 -4.41 2105 
BRIARS04-01 78 -9.48 -4.24 2117 
BRIARS04-01 79 -7.23 -3.68 2128 
BRIARS04-01 80 -9.69 -4.57 2140 
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BRIARS04-01 81 -9.27 -4.54 2151 
BRIARS04-01 82 -8.76 -4.09 2163 
BRIARS04-01 83 -8.33 -4.39 2176 
BRIARS04-01 84 -8.18 -4.46 2188 
BRIARS04-01 85 -7.81 -4.34 2200 
BRIARS04-01 86 -7.57 -4.14 2213 
BRIARS04-01 87 -7.78 -4.05 2225 
BRIARS04-01 88 -8.01 -4.03 2237 
BRIARS04-01 89 -7.99 -4.05 2250 
BRIARS04-01 90 -7.85 -3.91 2262 
BRIARS04-01 91 -7.75 -3.83 2274 
BRIARS04-01 92 -7.60 -4.57 2287 
BRIARS04-01 93 -7.31 -4.37 2299 
BRIARS04-01 94 -7.69 -4.27 2311 
BRIARS04-01 95 -8.14 -4.08 2324 
BRIARS04-01 96 -8.34 -4.32 2336 
BRIARS04-01 97 -8.45 -4.38 2348 
BRIARS04-01 98 -8.27 -3.83 2361 
BRIARS04-01 99 -7.98 -3.88 2373 
BRIARS04-01 100 -7.14 -3.59 2385 
BRIARS04-01 101 -7.16 -4.02 2398 
BRIARS04-01 102 -7.57 -4.28 2410 
BRIARS04-01 103 -7.38 -4.05 2423 
BRIARS04-01 104 -7.72 -4.22 2435 
BRIARS04-01 105 -7.81 -4.22 2447 
BRIARS04-01 106 -7.51 -4.21 2460 
BRIARS04-01 107 -8.35 -3.99 2472 
BRIARS04-01 108 -8.69 -4.15 2484 
BRIARS04-01 109 -8.82 -4.12 2497 
BRIARS04-01 110 -8.24 -3.89 2509 
BRIARS04-01 111 -8.62 -4.11 2521 
BRIARS04-01 112 -9.31 -4.59 2534 
BRIARS04-01 113 -9.14 -4.47 2546 
BRIARS04-01 114 -8.88 -4.43 2587 
BRIARS04-01 115 -8.63 -4.39 2628 
BRIARS04-01 116 -8.36 -4.29 2669 
BRIARS04-01 117 -8.11 -4.19 2710 
BRIARS04-01 118 -6.91 -4.01 2751 
BRIARS04-01 119 -6.17 -3.71 2792 
BRIARS04-01 120 -8.19 -4.31 2832 
BRIARS04-01 121 -8.53 -4.20 2873 
BRIARS04-01 122 -8.66 -4.36 2914 
BRIARS04-01 123 -8.52 -4.31 2955 
BRIARS04-01 124 n/a n/a 2996 
BRIARS04-01 125 n/a n/a 3037 
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BRIARS04-01 126 -8.81 -4.12 3078 
BRIARS04-01 127 -9.02 -4.37 3119 
BRIARS04-01 128 -9.23 -4.63 3159 
BRIARS04-01 129 -9.16 -4.44 3200 
BRIARS04-01 130 -9.09 -4.25 3241 
BRIARS04-01 131 -8.89 -4.37 3282 
BRIARS04-01 132 -8.37 -4.31 3323 
BRIARS04-01 133 -7.93 -4.38 3364 
BRIARS04-01 134 -7.59 -4.81 3405 
BRIARS04-01 135 -7.37 -4.43 3446 
BRIARS04-01 136 -7.16 -4.05 3486 
BRIARS04-01 137 -7.72 -4.48 3527 
BRIARS04-01 138 n/a n/a 3568 
BRIARS04-01 139 n/a n/a 3609 
BRIARS04-01 140 -8.01 -4.40 3650 
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Appendix D: BRIARS04-02 Stable Isotopic Analysis  
 
Sample 
Identification  
Distance from 
top (mm) 
δ13C 
(‰VPDB) 
δ18O  
(‰VPDB) Age (Years BP) 
BRIARS04-02 1 -10.03 -5.95 0 
BRIARS04-02 2 -10.57 -4.56 1 
BRIARS04-02 3 -10.15 -4.64 2 
BRIARS04-02 4 -10.49 -4.64 2 
BRIARS04-02 5 -10.61 -4.97 3 
BRIARS04-02 6 -10.22 -4.87 4 
BRIARS04-02 7 -9.88 -5.07 5 
BRIARS04-02 8 -10.04 -4.41 5 
BRIARS04-02 9 -10.27 -4.26 6 
BRIARS04-02 10 -10.18 -4.18 7 
BRIARS04-02 11 -9.86 -4.40 8 
BRIARS04-02 12 -9.75 -4.37 8 
BRIARS04-02 13 -9.99 -4.76 9 
BRIARS04-02 14 -10.20 -5.25 10 
BRIARS04-02 15 -10.44 -5.12 11 
BRIARS04-02 16 -10.18 -4.81 11 
BRIARS04-02 17 -10.01 -4.55 12 
BRIARS04-02 18 -8.75 -4.20 13 
BRIARS04-02 19 -9.62 -5.16 14 
BRIARS04-02 20 -9.30 -4.78 15 
BRIARS04-02 21 -9.77 -5.15 15 
BRIARS04-02 22 -9.38 -5.15 16 
BRIARS04-02 23 -9.31 -4.73 17 
BRIARS04-02 24 -9.71 -4.63 18 
BRIARS04-02 25 -9.93 -4.33 18 
BRIARS04-02 26 -9.76 -4.77 19 
BRIARS04-02 27 -9.76 -4.33 20 
BRIARS04-02 28 -9.88 -4.45 21 
BRIARS04-02 29 -9.97 -5.02 21 
BRIARS04-02 30 -9.92 -4.65 22 
BRIARS04-02 31 -9.98 -5.27 23 
BRIARS04-02 32 -9.85 -4.81 24 
BRIARS04-02 33 -9.80 -4.95 24 
BRIARS04-02 34 -9.74 -5.13 25 
BRIARS04-02 35 -9.26 -4.93 26 
BRIARS04-02 36 -9.75 -4.97 27 
BRIARS04-02 37 -9.73 -4.93 27 
BRIARS04-02 38 -9.68 -4.70 28 
BRIARS04-02 39 -9.65 -5.44 29 
BRIARS04-02 40 -9.76 -4.75 30 
BRIARS04-02 41 -9.62 -4.66 30 
BRIARS04-02 42 -8.59 -4.30 31 
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BRIARS04-02 43 -9.85 -5.11 32 
BRIARS04-02 44 -9.36 -4.24 54 
BRIARS04-02 45 -9.56 -4.52 77 
BRIARS04-02 46 -9.28 -3.90 99 
BRIARS04-02 47 -9.43 -3.84 122 
BRIARS04-02 48 -9.59 -4.62 144 
BRIARS04-02 49 -9.94 -5.70 166 
BRIARS04-02 50 -9.22 -4.53 189 
BRIARS04-02 51 -9.69 -5.35 211 
BRIARS04-02 52 -9.71 -4.76 234 
BRIARS04-02 53 -9.56 -4.83 256 
BRIARS04-02 54 -9.09 -4.07 278 
BRIARS04-02 55 -9.53 -4.88 301 
BRIARS04-02 56 -9.03 -4.45 323 
BRIARS04-02 57 -9.54 -5.50 346 
BRIARS04-02 58 -9.28 -4.50 368 
BRIARS04-02 59 -9.59 -4.75 390 
BRIARS04-02 60 -9.01 -4.60 413 
BRIARS04-02 61 -8.67 -4.56 435 
BRIARS04-02 62 -8.61 -4.26 458 
BRIARS04-02 63 -8.69 -4.19 480 
BRIARS04-02 64 -9.17 -3.58 480 
BRIARS04-02 65 -9.10 -4.66 486 
BRIARS04-02 66 -9.08 -4.93 492 
BRIARS04-02 67 -8.44 -3.60 498 
BRIARS04-02 68 -8.78 -4.95 503 
BRIARS04-02 69 -8.72 -4.62 509 
BRIARS04-02 70 -9.01 -4.48 515 
BRIARS04-02 71 -9.78 -5.38 521 
BRIARS04-02 72 -9.81 -5.16 527 
BRIARS04-02 73 -9.61 -4.49 533 
BRIARS04-02 74 -9.57 -4.68 538 
BRIARS04-02 75 -9.45 -4.41 544 
BRIARS04-02 76 -9.65 -5.16 550 
BRIARS04-02 77 -9.64 -4.78 556 
BRIARS04-02 78 -9.70 -4.60 562 
BRIARS04-02 79 -10.01 -4.70 568 
BRIARS04-02 80 -10.31 -5.23 573 
BRIARS04-02 81 -10.12 -4.51 579 
BRIARS04-02 82 -9.92 -4.39 585 
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BRIARS04-02 83 -10.03 -4.52 591 
BRIARS04-02 84 -9.92 -4.97 601 
BRIARS04-02 85 -10.41 -5.74 611 
BRIARS04-02 86 -10.10 -4.34 621 
BRIARS04-02 87 -9.81 -4.35 631 
BRIARS04-02 88 -9.65 -4.07 641 
BRIARS04-02 89 -9.95 -4.91 651 
BRIARS04-02 90 -9.22 -4.18 661 
BRIARS04-02 91 -9.11 -4.63 671 
BRIARS04-02 92 -9.28 -4.41 681 
BRIARS04-02 93 -9.29 -4.44 691 
BRIARS04-02 94 -9.50 -4.26 701 
BRIARS04-02 95 -9.52 -4.65 711 
BRIARS04-02 96 -9.69 -4.97 722 
BRIARS04-02 97 -9.87 -5.29 732 
BRIARS04-02 98 -9.63 -4.99 742 
BRIARS04-02 99 -9.38 -4.69 752 
BRIARS04-02 100 -9.43 -5.19 762 
BRIARS04-02 101 -9.47 -5.69 772 
BRIARS04-02 102 -9.45 -5.24 782 
BRIARS04-02 103 -9.43 -4.78 792 
BRIARS04-02 104 -9.54 -4.58 802 
BRIARS04-02 105 -9.65 -4.37 812 
BRIARS04-02 106 -10.10 -5.27 822 
BRIARS04-02 107 -10.55 -6.17 832 
BRIARS04-02 108 -10.22 -5.28 842 
BRIARS04-02 109 -9.90 -4.39 860 
BRIARS04-02 110 -9.78 -4.26 877 
BRIARS04-02 111 -9.66 -4.12 895 
BRIARS04-02 112 -9.82 -5.09 912 
BRIARS04-02 113 -9.99 -6.05 930 
BRIARS04-02 114 -10.14 -5.93 947 
BRIARS04-02 115 -10.30 -5.81 965 
BRIARS04-02 116 -10.08 -5.49 982 
BRIARS04-02 117 -9.87 -5.18 1000 
BRIARS04-02 118 -9.86 -5.13 1017 
BRIARS04-02 119 -9.85 -5.08 1035 
BRIARS04-02 120 -9.99 -5.97 1052 
BRIARS04-02 121 -9.62 -5.11 1070 
BRIARS04-02 122 -9.63 -5.70 1087 
BRIARS04-02 123 -9.50 -5.09 1105 
BRIARS04-02 124 -9.51 -5.24 1122 
BRIARS04-02 125 -9.52 -5.39 1140 
BRIARS04-02 126 -9.13 -4.35 1157 
BRIARS04-02 127 -9.39 -4.67 1175 
BRIARS04-02 128 -9.48 -4.97 1192 
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BRIARS04-02 129 -9.74 -5.10 1199 
BRIARS04-02 130 -9.50 -4.55 1205 
BRIARS04-02 131 -9.49 -4.60 1211 
BRIARS04-02 132 -9.49 -4.66 1217 
BRIARS04-02 133 -9.63 -4.84 1223 
BRIARS04-02 134 -8.93 -4.77 1229 
BRIARS04-02 135 -9.93 -5.23 1235 
BRIARS04-02 136 -10.09 -5.12 1241 
BRIARS04-02 137 -10.21 -5.22 1247 
BRIARS04-02 138 -10.18 -4.77 1253 
BRIARS04-02 139 -10.58 -4.79 1259 
BRIARS04-02 140 -10.49 -4.64 1265 
BRIARS04-02 141 -10.09 -4.84 1271 
BRIARS04-02 142 -10.09 -5.00 1277 
BRIARS04-02 143 -10.33 -5.28 1283 
BRIARS04-02 144 -10.27 -5.32 1285 
BRIARS04-02 145 -10.25 -5.05 1287 
BRIARS04-02 146 -10.24 -4.79 1289 
BRIARS04-02 147 -10.07 -4.66 1291 
BRIARS04-02 148 -10.31 -5.75 1293 
BRIARS04-02 149 -10.18 -4.90 1295 
BRIARS04-02 150 -10.35 -4.75 1296 
BRIARS04-02 151 -10.47 -4.78 1298 
BRIARS04-02 152 -10.47 -4.61 1300 
BRIARS04-02 153 -10.68 -5.07 1302 
BRIARS04-02 154 -11.17 -6.05 1304 
BRIARS04-02 155 -10.58 -5.11 1306 
BRIARS04-02 156 -10.47 -4.69 1308 
BRIARS04-02 157 -10.61 -4.81 1310 
BRIARS04-02 158 -10.21 -4.52 1312 
BRIARS04-02 159 -10.13 -4.64 1314 
BRIARS04-02 160 -10.05 -4.67 1315 
BRIARS04-02 161 -9.86 -4.86 1317 
BRIARS04-02 162 -9.95 -5.32 1319 
BRIARS04-02 163 -9.89 -5.44 1321 
BRIARS04-02 164 -9.58 -5.31 1323 
BRIARS04-02 165 -9.52 -5.18 1325 
BRIARS04-02 166 -9.34 -4.72 1327 
BRIARS04-02 167 -9.40 -4.87 1329 
BRIARS04-02 168 -9.33 -4.70 1331 
BRIARS04-02 169 -9.32 -4.52 1333 
BRIARS04-02 170 -9.66 -4.79 1334 
BRIARS04-02 171 -9.57 -4.61 1336 
BRIARS04-02 172 -9.67 -4.70 1338 
BRIARS04-02 173 -9.01 -4.48 1340 
BRIARS04-02 174 -9.43 -4.62 1342 
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BRIARS04-02 175 -9.72 -4.47 1344 
BRIARS04-02 176 -9.41 -4.67 1346 
BRIARS04-02 177 -9.50 -4.85 1366 
BRIARS04-02 178 -10.00 -5.01 1386 
BRIARS04-02 179 -10.40 -4.62 1406 
BRIARS04-02 180 -10.11 -4.51 1426 
BRIARS04-02 181 -10.06 -4.70 1446 
BRIARS04-02 182 -9.95 -4.56 1466 
BRIARS04-02 183 -9.77 -4.66 1486 
BRIARS04-02 184 -9.69 -4.73 1506 
BRIARS04-02 185 -9.57 -4.85 1526 
BRIARS04-02 186 -9.45 -4.97 1546 
BRIARS04-02 187 -9.56 -4.42 1566 
BRIARS04-02 188 -9.44 -4.83 1586 
BRIARS04-02 189 -9.36 -4.31 1606 
BRIARS04-02 190 -9.37 -3.89 1626 
BRIARS04-02 191 -9.99 -3.87 1646 
BRIARS04-02 192 -10.41 -4.40 1666 
BRIARS04-02 193 -10.88 -4.47 1686 
BRIARS04-02 194 -10.61 -4.49 1706 
BRIARS04-02 195 -10.81 -4.58 1726 
BRIARS04-02 196 -10.73 -4.70 1746 
BRIARS04-02 197 -10.03 -4.87 1766 
BRIARS04-02 198 -9.65 -4.47 1786 
BRIARS04-02 199 -10.08 -4.63 1806 
BRIARS04-02 200 -10.56 -5.38 1826 
BRIARS04-02 201 -9.98 -4.68 1838 
BRIARS04-02 202 -10.32 -4.63 1849 
BRIARS04-02 203 -10.09 -4.79 1860 
BRIARS04-02 204 -9.56 -4.95 1871 
BRIARS04-02 205 -10.04 -5.22 1882 
BRIARS04-02 206 -10.52 -5.49 1893 
BRIARS04-02 207 -10.55 -5.65 1904 
BRIARS04-02 208 -10.25 -4.63 1915 
BRIARS04-02 209 -9.92 -4.96 1926 
BRIARS04-02 210 -10.13 -4.98 1938 
BRIARS04-02 211 -9.91 -4.93 1949 
BRIARS04-02 212 -9.69 -4.99 1960 
BRIARS04-02 213 -10.18 -4.99 1971 
BRIARS04-02 214 -9.75 -4.59 1982 
BRIARS04-02 215 -9.53 -4.37 1993 
BRIARS04-02 216 -9.40 -4.42 2004 
BRIARS04-02 217 -10.18 -4.92 2015 
BRIARS04-02 218 -10.48 -4.83 2026 
BRIARS04-02 219 -10.04 -5.10 2037 
BRIARS04-02 220 -9.44 -4.76 2049 
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BRIARS04-02 221 -9.27 -4.73 2060 
BRIARS04-02 222 -9.65 -4.60 2071 
BRIARS04-02 223 -9.75 -4.69 2082 
BRIARS04-02 224 -9.84 -4.77 2093 
BRIARS04-02 225 -9.16 -4.89 2104 
BRIARS04-02 226 -8.67 -4.54 2115 
BRIARS04-02 227 -8.88 -4.75 2126 
BRIARS04-02 228 -9.35 -4.76 2137 
BRIARS04-02 229 -9.78 -4.90 2148 
BRIARS04-02 230 -9.98 -4.47 2160 
BRIARS04-02 231 -9.61 -4.29 2171 
BRIARS04-02 232 -9.36 -4.67 2182 
BRIARS04-02 233 -8.89 -4.55 2193 
BRIARS04-02 234 -9.07 -4.70 2204 
BRIARS04-02 235 -9.95 -4.86 2215 
BRIARS04-02 236 -10.15 -4.91 2264 
BRIARS04-02 237 -9.47 -4.38 2310 
BRIARS04-02 238 -9.75 -4.38 2356 
BRIARS04-02 239 -9.87 -4.66 2401 
BRIARS04-02 240 -9.78 -4.54 2447 
BRIARS04-02 241 -10.01 -4.98 2493 
BRIARS04-02 242 -9.79 -4.74 2539 
BRIARS04-02 243 -9.54 -4.53 2584 
BRIARS04-02 244 -9.27 -4.52 2630 
BRIARS04-02 245 -9.52 -4.89 2676 
BRIARS04-02 246 -9.62 -5.06 2721 
BRIARS04-02 247 -9.25 -4.15 2767 
BRIARS04-02 248 -9.46 -4.24 2813 
BRIARS04-02 249 -10.04 -4.73 2858 
BRIARS04-02 250 -10.04 -4.75 2904 
BRIARS04-02 251 -10.28 -4.32 2950 
BRIARS04-02 252 -9.87 -4.97 2996 
BRIARS04-02 253 -9.53 -4.59 3041 
BRIARS04-02 254 -9.36 -4.44 3087 
BRIARS04-02 255 -9.20 -4.28 3133 
BRIARS04-02 256 -9.91 -5.19 3178 
BRIARS04-02 257 -9.13 -4.95 3224 
BRIARS04-02 258 -9.45 -4.55 3270 
BRIARS04-02 259 -9.14 -4.39 3315 
BRIARS04-02 260 -9.54 -4.35 3361 
BRIARS04-02 261 -10.15 -4.45 3407 
BRIARS04-02 262 -10.11 -4.25 3453 
BRIARS04-02 263 -9.20 -3.97 3498 
BRIARS04-02 264 -9.32 -4.12 3544 
BRIARS04-02 265 -9.21 -3.93 3590 
BRIARS04-02 266 -9.34 -4.24 3635 
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BRIARS04-02 267 -8.87 -4.32 3681 
BRIARS04-02 268 -9.39 -4.57 3727 
BRIARS04-02 269 -8.67 -4.39 3772 
BRIARS04-02 270 -9.42 -4.01 3818 
BRIARS04-02 271 -8.56 -4.81 3864 
BRIARS04-02 272 -8.30 -4.29 3910 
BRIARS04-02 273 -8.47 -4.43 3955 
BRIARS04-02 274 -8.18 -4.05 4001 
BRIARS04-02 275 -8.65 -3.92 4047 
BRIARS04-02 276 -8.29 -3.87 4092 
BRIARS04-02 277 -7.58 -4.00 4138 
 
 
 
 
 
  
 
